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在香港三個魚類養殖場收集的海水、於泥、賠貝 (P^ viridis)及三種魚類，包 
括：芝麻斑 ^ i n e p h e l u s areolatus)�絲粒{Sparus似尸办以）及火點(Xutjams 
russelli)，進行重金屬一锡、絡、銅、鎳、錯及鋅之測試。根據測試結杲，發現 
三個魚類養殖場都受到不同程度的污染，其中以白沙灣及三門仔的污染程度較 


















The concentrations ofheavy metals (Cd，Cr, Cu, Ni, Pb and Zn) in seawater, 
sediments and tissues of cultivated green mussels {Perna viridis) and marine fish 
(Epinephelus areolatus, Sparus sarba and Lutjanus russelli) from three fish culture 
sites in Hong Kong were measured. The level of heavy metal pollution varied 
considerably among the three sampling sites. The fish culture sites at Pak Sha Wan 
and San Mun Tsai were more polluted than that in Sam Wan Tsai. The order ofmetal 
concentration in the tissues o fP . viridis, L russelli, S. sarba and E. areolatus was 
Zn > Cu > Pb > Ni > Cr > Cd. The same order was also found in seawater and 
sediments. Heavy metal concentrations in muscle，skin, gill, intestine, liver and gonad 
of three species of cultured marine fish were also measured. In fish tissues, the 
concentrations of Zn, Cu and Pb were higher than the concentrations of Cr，Ni and 
Cd. All three species of cultured marine fish contained roughly the same 
concentrations ofZn, Cu, Cr, Ni, Pb and Cd. Cultured marine fish from Hong Kong 
exhibited low levels of metal contamination. The mean concentrations of various 
heavy metals in edible tissues (i.e. muscle) of cultured marine fish were within 
acceptable limits for human consumption，but consumption of green mussels and 
internal organs offish, such as the liver，is not advisable. Among all three species of 
fish, gonads contained the highest Zn concentration, while livers had the highest 
concentrations of Cd and Cu. Small individuals had higher concentrations of heavy 
metals than larger individuals. 
Sparus sarba was used to study the acute, sublethal and chronic effects of 
exposure to Cu (11) ion. The 96 hr-LC50 value for small fish group was 1.03 mgr\ 
The 96hr-LC50 value for large fish group was 1.24 m ^ ' \ Reduced growth was 
i 
observed at 300 i^gl"^  and 450 [LgX\ The order of Cu accumulation and depuration 
was liver > intestine > gills > skin > muscle. The concentration of Cu accumulated 
was dose-dependent. Cu concentration in gills, liver and intestine increased sharply 
during the initial period of exposure to different concentrations of Cu and took a 
relatively long time to return to background level even after the fish were transferred 
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Heavy metal pollution of the aquatic environment has received increasing 
attention in recent years because many heavy metals are potentially toxic and can be 
accumulated in the organs of marine organisms (Thrower and Eustace, 1973; 
Watling, 1983). Discharge of heavy metals into the aquatic environment can pose a 
direct threat to both the aquatic biota and man (Bryan, 1976). 
Heavy metals are of major ecological importance due to their toxicity and 
their ability to accumulate in living organisms (Purver, 1985). Metal accumulation in 
fish is a general phenomenon as fish may take up dissolved metals from both the diet 
and the surrounding environment (Khan et al., 1987; Benemariya et al.，1991; Miller 
et a!., 1993; Farag, et al., 1994; Campbell, 1994; Allen, 1995; Hamza-Chaffai et al.， 
1996). Extensive studies have been carried out in many parts of the world to 
determine the toxicity and bioaccumulative capacity ofheavy metals in fish and other 
marine organisms pS[ickkss et al. 1972; Peden et al., 1973; Hardisty et al., 1974; 
Badsha and Sainbury, 1978; Jennings and Rainbow, 1979; Phillips, 1989; Chu et al., 
1990; Zorba et al., 1992; Carpene et al., 1994; Swaileh and Adelung，1994; Ayas 
and Kolankaya, 1996; Buhl and Hamilton, 1996; Marr et al., 1996; Devi, 1996). 
The objectives of this thesis can be divided into two parts. Firstly, the 
concentrations of cadmium, chromium, copper, lead, nickel and zinc in tissues of the 
green mussel {Perna vihdis) and three species of marine fish {Epinephelus areolatus, 
Lutjcmus russelli and Sparus sarba) reared in different fish culture sites in Hong 
Kong were measured. Secondly, the accumulation and tissue distribution of copper in 
the sea bream, Sparus sarha, were studied in the laboratory. 
Due to depletion of natural stocks, cultured marine fish has become more 
important in Hong Kong where people consume a large amount of seafood. 
TraditionaUy, mariculture zones were designated in relatively unpolluted areas in the 
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northeastern part ofHong Kong (Hong KongEnvironmental Protection Department, 
1993). With the redistribution of industrial and residential areas, however, some of 
the mariculture sites are close to polluted waters and there is a real risk of 
contamination. The major sources of heavy metal pollution are the discharge of 
effluents from industries including food processing, metal finishing, laundering, 
photo-finishing and vehicle maintenance (Hong Kong Environmental Protection 
Department, 1989). Heavy metals may be accumulated from water to higher levels in 
fish and may serve as indicators ofthe extent of pollution (Singh et al., 1991) Many 
studies have documented that heavy metals can accumulate in fish flesh (Causeret, 
1962; Jaakkola et al., 1973; Underwood, 1977; Glover, 1979; Capelli and Minganti, 
1987; Mount etal,，1994; Al-Ghais, 1995; Chan, 1995; Ahmad and Al-Ghais, 1996; 
Atta et al., 1997) and internal organs (Venugopopal and Luckey, 1975; Salanki et al., 
1982; Nishihara et a/.，1985; Bunton and Frazier, 1994; Rouleau et al., 1995) of fish, 
cadmium and lead are not essential elements to most living organisms (Crespo et al., 
1986; Thompson, 1990), but copper, chromium, nickel and zinc are essential 
elements for both human and marine fish (Ogino and Yang, 1978; Knox et al., 1984). 
Cultured fish have some characteristics which make them attractive as biomonitors of 
heavy metal pollution. Data on the correlation between bioaccumulation in fish 
tissues and heavy metal concentrations in seawater and sediments can provide an 
important scientific basis for the selection of sites for mariculture industry. 
Furthermore, marine fish is one of the important protein source for Hong Kong 
people. There are no data on the distribution ofheavy metals in tissues of marine fish 
cultured in Hong Kong. The result of this investigation can provide information on 
whether marine fish cultured in coastal waters poUuted by heavy metals are suitable 
for human consumption. 
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Copper is one of the most widely studied heavy metals in the marine 
environment (Amiard et al., 1986; Phillips, 1989; Chu et al., 1990; Bunton and 
Frazier, 1994; Al-Ghais, 1995; Chan, 1995; Ahmad and Al-Ghais, 1996; Edding and 
Tala, 1996). It is an essential element for normal growth of all living organisms 
(Moore, 1990; Sorensen, 1991; Bunton and Frazier, 1994). It plays a catalytic role 
for many enzyme systems, perhaps the most notable of which are the enzymes 
cytochrome oxidase and the electron carrier plastocyanin (Coale and Bruland, 1988 
in Sadiq, 1992 ； Sadiq, 1992; Pelgrom et al., 1995). However, exposure of fish to 
increased Copper concentrations results in copper accumulation (Brungs et al., 1973; 
Buckley et al., 1982). While copper concentration is generally low in fish muscle 
tissues, it is always elevated in the gills, liver，pancreas，and other internal organs, 
making analysis of such tissues useful in monitoring copper in the environments. 
Copper toxicity has been widely studied in several fish species (e.g. Waiwood 
and Beamish, 1978; Dixon and Sprague, 1981b; Lanno et al., 1985; Miller et al.’ 
1993; Wurts and Perschbacher, 1994; Beaumont et aL, 1995; Marr et al., 1996; 
Erickson et al., 1996). However, data on copper toxicity and copper 
bioaccumulation in cultured marine fish in Hong Kong are still lacking. Information 
on the accumulation, distribution and elimination of copper can give us a better 





For all practical purposes, water pollution is the addition of chemicals to 
water by human activities which alters its chemical composition, temperature, and 
microbial composition to such an extent that harm occurs to resident organisms or to 
humans (Lloyd, 1992). The chemical composition of water has implications for 
human health, both directly from toxic chemicals in drinking water, and indirectly 
from the accumulation of toxic compounds by organisms that are eaten by people 
(Heath, 1995). There are more than 65,000 industrial chemicals in use and 3 to 5 new 
ones are introduced into the marketplace each year (World Health Organization, 
1987). Some of those chemicals enter waterways and accumulate in food chains 
through trophic interactions. Because humans are top predators, the adverse effects 
of these chemicals will ultimately harm humans (U.S. Environmental Protection 
Agency, 1980). 
Heavy metals are one of the major classes of chemical contaminants in water. 
Heavy metals enter the waterways from a wide variety of industrial and domestic 
effluents (McCrea and Fischer, 1986). Many metals are required for normal 
physiological function in living organisms, but usually only at trace concentrations 
(Bowen, 1979; Harrison and Hoarse，1980). Heavy metals are toxic to marine 
organisms above a threshold concentration which varies from species to species. 
Uptake of heavy metals in aquatic organisms can be either directly from the 
surrounding water or indirectly from food (Rainbow, 1990). After a chemical (e.g. 
metal ions) is absorbed via gills, skin or gut, most organisms have evolved a variety 
of metabolic mechanisms to restrict the metal contents to a required or tolerable 
level. In general, the metal ions are bound to a protein and then directly transported 
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by the blood to storage points, such as fat or liver for transformation and/or storage. 
Excess metals may be stored in extrahepatic tissues or excreted by biles, kidney, or 
gills (Heath, 1995). According to the uptake routes and chemical properties of the 
metal species, different metals may be accumulated in different organs of the 
organisms at different levels. 
The use of biological indicator organisms to define areas of trace metal 
pollution appears most attractive because these organisms concentrate metals from 
water, allowing inexpensive and relatively simple analysis. In addition, indicator 
organisms represent a moving time-average value for the relative biological 
availability of metals at each site studied (Phillips, 1979; Zorba et al., 1992). Cultured 
marine fish have some characteristics which make them attractive as biomonitors of 
trace metal pollution. Marine fish can be found in wide range of estuarine and marine 
habitats. They can act as primary, secondary and tertiary consumers and can be 
placed in several trophic levels within aquatic food webs (Nagel, 1991). Apart from 
the significance of fish as a direct food source for man, fish are also large enough for 
bioaccumulation to be examined at specific organs or tissues. Extensive studies have 
been made use of marine invertebrates as biological indicators for studying heavy 
metal pollution. For example, Enteromorpha compressa, Enteromorpha flexuosa and 
Gymnogongrus flabelliformis for copper, lead, nickel and zinc concentrations 
OPhillips, 1988); Perna viridis and Saccostrea cucullata for iron, zinc, copper and 
cadmium concentrations (Chu et al. 1990); Circentita callipyga for mercury, copper, 
vanadmium, cadmium and lead concentrations ( Zorba, et al., 1992); Crassostrea 
virginica for silver, cadmium, copper, iron, nickel, lead and zinc concentrations 
(Xostas, 1996). Marine fish cultured in floating cages are potentially valuable and 
effective for studying the distribution and concentration ofheavy metals. 
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2.2 HEAVY METALS 
Heavy metals are not biodegradable, and cannot be eliminated from 
ecosystems. They undergo a global eco-biological cycle in which natural waters 
constitute the main pathway OSfurnberg, 1985). Heavy metals can be derived from a 
considerable number of sources and can pose a severe threat to the aquatic 
environment (Forstner and Wittmann, 1981). 
In general, heavy metals are those with relative masses above 100. For more 
specific definition, technical dictionaries define heavy metals as metals with a specific 
gravity greater than five or greater than four, but such classifications would include 
the lanthanides and actinides which are not usually considered as heavy by their 
chemical and hence biological properties O^ieboer and Richardson,1980). According 
to the chemical properties, metal ions are also classified as class A, class B or 
borderline (see Table 2.1). Simplistically, class A metal ions have an affinity for 
oxygen as a metal binding donor atom in ligands, class B metal ions has an affinity for 
sulphur and borderline metal ions have a more cathodlic affinity (Table 2.1). Most of 
heavy metals, which are discussed in this thesis, are classified into class B and 
borderline metals. 
Heavy metals are often referred to as trace metals because they tend to occur 
in low concentrations in organisms. However, the term trace metal might imply the 
presence of an essential requirement by organisms for that metal (Fumess and 
Rainbow, 1990). Many metals are essential to life (Bowen, 1979 and Harrison and 
Hoarse, 1980). According to Rainbow (1984), essential trace metals may include 
iron, manganese, copper, zinc, cobalt, modemium, chromium, vanadium, selenium, 
nickel and tin, but may vary between authors fNielsen and Sauberlich, 1970; Schwarz 
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Table 2.1: A classification of metal ions. Each list is an order of atomic number 
and different ions of the same metal (e.g. Cu and Pb) are placed opposite each 
other. (Modified from Rainbow, 1984) 
Class A Borderline Class B 
Lithium O i^) Titanium (Ti) 
Beryllium _ Vanadium (V) 
Sodium OS[a) Chromium (Cr) 
Magnesium OVIg) Manganese (Mn) 
Aluminium (A1) Iron (Fe) 
Potassium OQ Cobalt (Co) 
Calcium (Ca) Nickel O i^) + 
Scandium (Sc) Copper II (Cu:+) Copper I (Cu+) 
Rubidium (Rb) Zinc (Zn) 
Strontium (Sr) Gallium (Ga) 
Yttrium 0 0 Arsenic (As) Rhodium (Rh) 
Caesium (Cs) Molybdenum (Mo) Palladium (^d) 
Barium OBa) Cadmium (Cd) Silver (Ag) 
Lanthanum (La) Indium (In) Iridium (Ir) 
+ theLanthanides Tin(Sn) Platinum (H) 
Francium (Fr) Antimony (Sb) Gold (Au) 
Radium (Ra) Tungsten (W) Mercury _ 
Actinium (Ac) Osmium (Os) Thallium (T1) 




and Milne, 1971; Bowen, 1979). Non-essential metals which do not play any required 
role in metabolism, usually include cadmium, mercury, lead, silver and gold 
(Rainbow, 1984). All heavy metals, whether biologically essential or not, have the 
potential to be toxic to organisms at concentrations above a threshold bioavailability 
(Rainbow, 1984). Such threshold concentrations vary between metals, between 
species and with the physiochemical characteristics of the medium. For instances, 
copper, which is highly toxic, is essential in trace amounts (Furness and Rainbow, 
1990). Heavy metal toxicity to aquatic organisms is manifested in a wide range of 
effects from slight reduction in growth rate to death. Since metals are not 
biodegradable, they can persist through the food chain and ultimately affect humans. 
Heavy metals studied in this thesis included cadmium, chromium, copper, 
nickel, lead and zinc. Both zinc and copper are essential elements because of their 
functions in oxygen transport (copper), enzyme co-factors or metalloenzymes 
(copper and zinc) and electron transport activities (copper and zinc) (Fumess and 
Rainbow, 1990). Cadmium and lead exhibit a cumulative toxicity throughout the food 
chain, while copper and chromium are important environmentally because of their 
properties as biocides (Fumess and Rainbow, 1990). A large amount of data on the 
biological effects ofthese metals has been collected in Hong Kong (Rainbow, 1984; 
Chan, 1988; Phillips, 1989; Chu et aL，1990; Chan, 1995) and other parts of the 
world (Brown and Chow, 1977; Nabawi et al., 1987; Khan et aL, 1987; Singh et aL, 
1990; Gumgum et al.’ 1994; Ayas and Kolankaya, 1996; ColUngs et aL, 1996). 
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2.3 MECHANISMS OF METAL TOXICITY 
Ochiai (1977) has divided the general toxicity mechanism for metal ions into 
the following three categories: (1) blocking of the essential biological functional 
groups ofbiomolecules (e.g. proteins and enzymes), (2) displacing the essential metal 
ions in biomolecules, and (3) modifying the active conformation of the biomolecules. 
According to the definition of heavy metals by Nieboer and Richardson (1980), the 
most toxic class B ions exhibit a broad spectrum of toxicity mechanisms. Class B ions 
are most effective at binding to sulphydryl groups (e.g. cysteine) and nitrogen-
containing groups (e.g., oflysine and histidine and histidine imidazole) at catalytically 
2_|_ 
active centers in enzymes. They can displace endogenous borderline ions (e.g. Zn ) 
from metallo-enzymes, causing inactivation of the enzymes through conformational 
changes. They can also form lipid-soluble organometallic ions with some of the 
borderline ions, such as mercury, arsenic, thallium, tin, and lead, and penetrate 
biological membranes to accumulate within cells and organelles. Some metals in 
metallo-proteins exhibit oxidation-reduction activity (e.g. Cu^^ to Cu+), which results 
in alterations in the structural or functional integrity of the enzymes (Connell and 
Miller, 1984). Cadmium and lead are highly toxic because of their competition with 
essential metals for binding sites and also because of their interference with 
sulphydryl groups, which are essential for normal functioning of enzymes and 
structural proteins (Allen, 1995). 
9 
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2.4 TOXIC EFFECTS OF METALS ON MARINE 
ORGANISMS 
2.4.1 Cadmium 
Cadmium is a relatively rare earth element that is almost uniformly distributed 
in the earth's crust with an average concentration of 0.15-0.2 mgkg"^  (Moore, 1990). 
Cadmium enters the marine environment via atmospheric deposition and effluent 
discharges from point sources in near-shore areas. Because of extensive industrial 
usage, anthropogenic inputs into the environment are the main source of cadmium 
contamination. Cadmium is regarded as a priority pollutant because ofits toxicity to 
both marine organisms and humans (Moore, 1990). Cadmium accumulates in gills, 
liver and kidney of marine organisms. It binds strongly to cysteine residues of 
metallothionein or component of other cadmium-binding protein (Marafante, 1976; 
Beattie and Pascoe, 1979; Reichert et cd., 1979; Noel-Lambot et al., 1982; Roch and 
McCarter, 1984a). It has high affinity for sulphydryl groups and has the ability to 
form moderate covalent bonds which increase lipid solubility, bioaccumulation and 
toxicity (Saliq, 1992). In fish, cadmium produces adverse effects on growth and 
reproduction, causes osmoregulatory stress, and alters the structure and fiinction of 
various organs, including the liver (Lemaire-Gony and Lemaire, 1992). 
2.4.2 Chromium 
Chromium in marine environments occurs both as Cr�+ and Cr^ ^ ions (Saliq, 
1992). The principal chromium contamination sources of natural waters are effluent 
discharges from metal-finishing, leather tanning, textile dyeing, and laundry chemical 
industries QAoove and Ramamoorthy, 1984; Nriagu and Nieboer, 1988). In fish, both 
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Cr3+ and Cr^ ^ ions are adsorbed at the gills which leads to relatively high residues in 
the gills and concomitant tissue damage, including hyperplasia, clubbing of lamellae, 
and necrosis. As gill damage proceeds, so does impairment of the ability to 
osmoregulate and respire (Moore, 1990). Since Cr^ ^ ions passes rapidly through the 
gills，a number of other tissues such as the liver，kidney and spleen may be affected. 
There are some observations to show the carcinogenity of chromium (III) and 
chromium (VI) compounds to fish (Moore, 1990). 
2.4.3 Copper 
Copper is found in many organic and inorganic chemical forms in the marine 
environment (Saliq, 1992). The primary sources of copper contamination include 
domestic waste water, manufacturing processes involving metals, steam electrical 
production, and the dumping of sewage sludge (Moore, 1990). Copper 
contamination of the marine environment can also result from the discharge of 
industrial, municipal and agricultural wastes (Moore, 1990). Copper is one of the 
most toxic heavy metals to fish because the large number of copper-containing 
enzymes and glycoproteins in fish probably accounts for the diversity of biological 
effects such as alternations of hematology (Heath, 1995). Other copper-induced 
histological alterations are also found in the gill, kidney, hematopoietic tissue, 
mechanoreceptors, chemoreceptors, and other tissues. Copper can reduce the 
fecundity of fish by blocking spawning, reducing egg production in females, causing 
abnormalities in newly-hatched fiy and reducing the survival of young (Sorensen, 
1991). Exposure of fish to sublethal levels of copper has been shown to cause 
metabolism in some non-muscular tissues (e.g. liver and giU) to increase while 




Lead is a widespread constituent of the earth's cmst (Moore, 1990). It is used 
mainly in storage batteries, in gasoline as tetraethyl lead, and in cable coverings and 
solders (Demayo et al., 1984). It is also found in paint pigments, ammunition, 
corrosive liquid containers, glassware, radiation shielding and containers (Demayo et 
al‘, 1984; Moore and Ramamoorthy, 1984). Toxic effects of lead can cause 
hematological, neuronal, muscular, and other adverse efFects in fish. Lead inactivates 
essential delta-aminolevulinic acid dehydratase (ALA-D) sulphydryl groups, resulting 
in reduced hemoglobin formation (Johansson-Sjobeck and Larsson, 1979; Tewari, et 
al., 1987). Exposure of lead causes muscle spasms, paralysis, hyperactivity and loss 
of equilibrium in fish (Davies et al., 1976). It is neurotoxic to most organisms and 
leads to impairment of the nervous system. Lead blocks both impulse transmission 
and acetylcholine release (Rand et al., 1995). 
2.4.5 Nickel 
Nickel is released into the atmosphere by oil and coal-burning power plants 
and trash incinerators, and is also discharged into wastewaters by industries which 
convert scrap or new nickel into alloys (Moore, 1990). Large amounts of nickel is 
toxic to most organisms. Nickel has been shown to be both genotoxic and 
carcinogenic (Costa and Heck, 1982). The toxic effects of nickel on the numbers, 
activity and ultrastructure of macrophages, a crucial cell type involved in cell-
mediated immunity, have been well-studied. (Bingham et al., 1972; Camner et al., 
1978; Zelikoff et al., 1994). Exposure of fish to low levels ofNP+ over extended 
periods results in a number of toxicological efFects including reduced skeletal 
calcification, increased hematocrit and hemoglobin, reduced difiusion capacity ofgills 
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and ultimately asphyxiation (Moore, 1990). Nebeker et al. (1985) studied the toxicity 
ofNP+ to rainbow trout and reported that newly fertilized eggs are most sensitive, 
followed by eyed eggs, larval fish andjuvenile fish. 
2.4.6 Zinc 
The main anthropogenic sources of zinc include processes of galvanizing, 
plating, rubber processing, rayon manufacturing and production of iron and steel 
(Hellawell, 1986). Zinc enters the environment through atmospheric deposition, 
industrial effluent discharge, leaching of metal bearing minerals and domestic sewage 
(Van Loon and Beamish, 1977; Weatherly et al., 1980). It forms stable complexes 
with sulphur, phosphur and carbon. It is a cofactor for a number of enzymes, 
including carbonic anhydrase, carboxypeptidase, superoxide dismutase, lactate 
dehydrogenase, phosphatase and glutamate dehydrogenase (Sorensen, 1991). Zinc is 
known to be toxic to fish, causing mortality, growth retardation, tissue alterations, 
respiratory and cardiac changes, inhibition of spawning and a multitude of additional 
detrimental effects which threaten the survival of fish. Acute toxic effects of zinc 
result in gill damage, which interferes with respiration and leads to hypoxia 
(Skidmore and Tovell, 1972; Burton et al., 1972; Heath, 1995). Chronic toxic effects 
often do not affect the gills, but cause general enfeeblement and extensive 
deterioration of liver, kidneys, heart, skeletal muscles, gonads and spleen (Wong et 
a/.,1977). Zinc can also delay or inhibit the growth, sexual maturity and reproduction 
of fish (Seymore et al., 1996). Zinc is a metabolic antagonist of cadmium, so that 
high zinc intakes often produces some protection against the potentially toxic effects 
of cadmium exposure in animals (Underwood, 1977). 
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2.5 METAL UPTAKE AND ELIMINATION IN MARINE 
ORGANISMS 
Aquatic organisms are well known for their ability to absorb metals from 
water and food (Heath, 1995). The marine environments possesses a wide variety of 
particulate and colloidal materials made up of minerals and natural organic 
substances (Moore, 1990). Heavy metals dissolved in seawater occur as different 
chemical species (ions, complexes, etc.) in equilibrium with inorganic and organic 
complexing agents such as chlorides and carbonates (Hamelink et a/.,1994). The 
solubility and speciation of metals can greatly affect their biavailability in seawater 
(Hamelink et al., 1994). 
Accumulation ofmetals by aquatic organisms is based on the interaction of a 
variety of physical, chemical and biological characteristics and processes (Spacie et 
al., 1995). The mechanism of accumulation and storage of trace metals in aquatic 
animals is diverse, varying with the chemical form of metal, the mode ofuptake and 
animal species (Luoma, 1983). 
2.5.1 Uptake of metals 
Organisms accumulate metals by direct absorption across gills, skin and other 
outer surface, or by ingestion ofcontaminated food and water (Heath, 1995). Some 
recent studies (Crist et a/.,1988; Xue, et aL, 1988; Sunil et aI., 1995) suggest that the 
kinetic of metal uptake by aquatic organisms is a two-phase process composed of 
rapid adsorption or binding to the tissue or ceU surface, foUowed by slow 
penetration. The transfer of metals across epitheUal ceUs includes three basic 
elements: (1) uptake by apical membranes which interface with the external 
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environment, (2) movement through the cell and interaction with intracellular ligands, 
and (3) efflux across basolateral membrane which interface with the circulatory 
system (Malins and Ostrander, 1994). 
Dissolved metals are taken up by exposed body surfaces such as gills (Spry 
and Wood, 1988). Particulate metals are most commonly ingested and taken up after 
solubilization in the gut. Particle-bound metals are often ingested by aquatic 
organisms in association with food. In fish, the lowered pH of the stomach helps to 
solubilize metals, which are then absorbed in the intestine under alkaline conditions 
(McKim, 1994). The rate of metal uptake into gill tissues correlates with the weight-
specific metabolic rate, thus small fish accumulate more rapidly than large ones 
(Anderson and Spear, 1980). 
Uptake of essential metals, such as calcium, copper, iron and zinc, often 
involves specific pathways and is regulated for meeting metabolic requirements. For 
example, calcium channels and specific membrane carriers for iron and copper are 
involved in the uptake of these elements. Non-essential，toxic metals do not have 
specific uptake mechanisms and appear adventitiously, following existing pathways 
for essential metals (Rainbow, 1984). For example, cadmium can transverse model 
membranes in the ionic form and has been shown to be taken up through calcium 
channels in the giUs of fish. 
2.5.2 Elimination of metals 
Fish can excrete, at least to some extent, copper, chromium, cadmium, 
mercury, selenium, arsenic, lead and zinc (Bryan, 1976; Somero et al., 1977; 
Sorenson, 1991;Hodson etal., 1980; Roger and Beamish, 1982; Hardy et al., 1987). 
Fish have different routes to excrete metals by the giUs, bile (via faeces), kidney and 
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skin (Heath, 1995). The mechanisms ofmetal excretion in fish are only beginning to 
be understood. Chromium (Health, 1995), arsenic (Sorensen et al., 1991) and copper 
(Felts and Heath, 1984) have been found in high concentrations in the bile of fish 
during or following their ingestion or waterborne exposure. Olson et al., 1985 (cited 
in Health, 1995) has mentioned that the gills are a major site of metal excretion in 
fish. Loss ofmetals via skin and gills probably involves the mucus(Heath, 1995). The 
lubricating properties of mucus provide protection against inorganic particles and 
biological organisms, while its constituents, such as N-acetylneuraminic acid (sialic 
acid), N-acetyl-hexoseamine, and other components of glycoproteins, may bind lead 
and other metals (Coello and Khan, 1996). 
2.5.3 Metal detoxification systems in fish 
Detoxification mechanisms can involve storage of metals at inactive sites 
within the fish on a temporary or more permanent basis (Sorensen, 1991; Heath, 
1995). Temporary storage is usually by binding ofmetals to proteins, polysaccharides 
and amino acid in soft tissues or body fluids. Storage sites such as bones or scales 
provide useful means for the elimination of some metals, such as lead, cadmium and 
mercury. 
Fish possess the ability to perform a wide varirty of detoxification reactions. 
The first metabolic step is mediated by mono-oxygenase or mixed-function 
oxygenases (MFO) which introduce functional groups into the substrates (Health， 
1995). The major organ involved in metal metabolism in fish is the liver. 
Metallothioneins OVLTs) low molecular weight proteins contain high levels ofcysteine 
(Sorensen, 1991). In fish, metallothioneins occur primarily in the liver, kidney, 
intestine and gills ^Qaverkamp et al., 1984). The concentrations of metallothioneins 
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in these organs generally increase with increasing exposure to metal (Olsson and 
Haux, 1986; Hamilton et aL, 1987). Metallothioneins specifically bind 4 to 12 atoms 
per mole ofheavy metal ions，such as Zn^\ Cu\ Cd^\ Hg�+ and Ag+, by clusters of 
thiolate bonds, presumably reducing the availability of metals to sites which are 
potentially toxic, such as membranes and cytosoUc enzymes (Sorensen, 1991). 
Absorption of dietary copper and zinc in higher animals appears to be regulated in 
part by metallothioneins. Some metal ions such as cobalt, manganese and nickel, do 
not induce synthesis ofmetallothioneins following repeated exposure. However, such 
ions may increase the hepatic zinc pool and thus indirectly induce the synthesis of 
metallothioneins (Heath, 1995). 
The tripeptide glutathione performs a variety of critical functions in cells, 
including metabolism of peroxides and free radicals. Because of its sulphydryl 
groups, it also binds to heavy metals (Luckey and Venugpal, 1977). Thomas et al. 
(1987) reported increase in hepatic glutathione concentration when two species of 
marine fish were exposed to lead, cadmium and mercury. 
2.6 HEAVY METALS IN MARINE FISH 
Extensive studies of heavy metals in marine fish have been reported (U.S. 
Environmental Protection Agency, 1980; Moore, 1990). In the case of cadmium, 
concentration in fish tissues is generally < 0.1 mgkg^ wet weight, but there are 
occasional reports of levels 1 to 2 orders of magnitude higher in fish from 
contaminated areas (Moore, 1990). Concentrations in 50 species of Austrialian fish 
from the Great Barrier Reef were aknost always below the detection Umit of 0.1 
mgkg-i dry weight (Denton and Burdon-Jones, 1986). The same was true for 12 
species from the Mediterranean (Homung and Ramelow, 1987). In most cases, 
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cadmium is concentrated in the kidney, liver and gills of fish (Moore, 1990). 
Concentration factors ranging from 6,000-19,000 have been reported for kidney, 
while the corresponding values for liver and gills are 2,600-6,500 and 1,100-2,400 
respectively (McCracken, 1987). Similarly, liver residues in Sparus sarba from the 
United Arab Emirates averaged 0.157 ^gg"^ wet weight, compared to 0.0280 i^gg'^  
wet weight for muscle (Al-Ghais, 1995). 
Chromium does not normally accumulate in fish muscle tissues, and in most 
cases, residues are < 0.5 mgkg"^ wet weight (Moore, 1990). For example, Homung 
and Ramelow (1987) showed that total chromium in 12 species of fish from the 
eastern Mediterranean averaged 0.4 mgkg"\ whereas residues in fish from the North 
Sea ranged from only 0.01 to 0.03 mgkg"^ (Hagel, 1986). Muscle residues from the 
Arabian Sea ranged from 5.10 to 8.51 ^gg^ wet weight (Tariq et aL, 1993). Brooks 
and Rumsey (1974), working on eight marine species from New Zealand, reported 
values of 0.02, 0.1，0.2, 0.3, 0.2, 1.2 and 0.5 mgkg^ for muscle, liver, kidney, heart， 
gonad，spleen, and gills respectively. This means that values in muscle are lower than 
those in gills, liver, kidney and other internal organs. 
Copper concentration in fish muscle tissues are generally low. Ashraf and 
Jaffer (1988)，working on six species from Arabian Sea, recorded values of only 
0.10-0.51 mgkg-i wet weight. However, residues in the Atlantic bonito Sarda sarda 
from the Gulf of Genona ranged from 0.4 to 5.3 mgkg\ whereas concentrations in 
three commercial species from the North Sea ranged from only 0.5 to 1.0 mgkg"^ 
(Hagel, 1986). Copper is almost always elevated in the gills, liver，pancreas, and 
other internal organs. For example，muscle of rabbitfish {Siganus oramin) from the 
highly polluted Victoria Harbour in Hong Kong contained 5.7 mgkg '^  dry weight, 
compared to 15.6 mgkg^ in gills , 26.6 mgkg] in viscera and 10.4 mgkg] in 
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vertebrae (Chan, 1995). Similarly, liver residues in Sparus sarba from the United 
Arab Emirates averaged 7.67 i^gg"^  wet weight, compared to only 0.361 ^igg^ wet 
weight for muscle (Al-Ghais, 1995). Denton and Burdon-Jones (1986) similarly 
showed that residues in the livers of all 50 species of fish examined from the Great 
Barrier Reefwere higher than those found in muscle tissue. 
Lead is not normally a significant contaminant of fish tissues, except in cases 
of extreme ambient pollution. For example, Ashraf and Jaffar (1988) noted that 
concentrations in six species from the Arabian Sea near Pakistan ranged from 0.02 to 
0.13 mgkg-i. Muscle residues from the Arabian Sea ranged from 0.14 to 11.63 ^igg^ 
wet weight (Tariq et al., 1993). Concentrations for rabbitfish (Siganus oramin) from 
the highly polluted Victoria Harbour in Hong Kong were 19.1 mgkg^ for muscle, 
94.6 mgkg-i for gills , 26.8 mgkg] for viscera and 83.1 mgkg^ for vertebrae (Chan, 
1995). Similarly, liver residues in Sparus sarba from the United Arab Emirates 
averaged 0.166 ^igg] wet weight, compared to 0.163|igg] wet weight for muscle 
(Al-Ghais, 1995). 
The concentration ofnickel in the muscle of marine fish is usually < 0.5 mgkg^ 
wet weight (e.g. Hagel, 1986; Saiki and May, 1988). Ahmad and Al-Ghais (1996)， 
working on three marine species from the Arabian Gulf, reported values of0.5 mg.kg^ 
for muscle, 0.239 mgkg' for liver, 0.099 mgkg] for skin and 0.072 mgkg' for heart. 
Nickel is deposited selectively in certain tissues. For example, nickel residues in the 
kidney ofthe shark Galeus melastomus collected from the coast of Scotland averaged 
only 1.61 mgkg-i，almost similar to value of l .41 mgkg' observed for muscle (Vas and 
Gordon, 1988). 
Zinc concentration in the muscle tissue of fish is generally < 50 mgkg^ wet 
weight and has a range of 1-100 mgkg'. Much higher levels (100-300 mgkg') can be 
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found in the liver and kidney. For example, Ashraf and Jaffar (1988) reported that 
residues in six species from the Arabian Sea near Pakistan ranged from 0.08 to 4.09 
mgkg-i. Concentrations in dry weight for rabbitfish {Siganus oramin) from Victoria 
Harbour, Hong Kong were 66.6 mgkg"^  for muscle, 166 mgkg] for gills, 193 mgkg'^  
for viscera and 171 mgkg] for vertebrae (Chan, 1995). Similarly, liver residues in 
Sparus sarba from the United Arab Emirates averaged 59.2 i^gg"^  wet weight, 
compared to 4.05 i^gg"^  wet weight for muscle (Al-Ghais, 1995). 
2.7 BIOACCUMULATION 
Bioaccumulation is the general term describing the net uptake of chemicals 
(usually non-essential ones) from the environment by any or all of the possible routes 
(i.e. respiration, diet, skin) from any source in the aquatic environment where the 
chemicals are present (i.e. water, sediments and food) (Spacie etal., 1995). 
In fluctuating environmental concentrations of pollutants, differences between 
the rates of uptake and loss of contaminants will affect the concentrations of net 
residues in aquatic organisms. Metal levels found in aquatic organisms depend on a 
complex accumulation history that is influenced by external as well as internal factors 
(Hawker, 1990). Uptake and clearance are functions of metabolic rate. In addition, 
some intemal factors such as body weight, growth rate and body burden are involved. 
For example, in the accumulation of mercury by fish, the gain flux ofmercury 
is divided into dietary and environmental concentrations, both of which are function 
of metabolic rate. The metabolic rate of animals (M) can be related to body weight 
(W) by the equation M-aW^ , where a and b are constant (Hawker, 1990). As stated 
eariler, the concentration of metal is a function of the balance between the rates of 
accumulation and depuration. It is also a function of the rate of change in body 
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weight as the rate of growth will determine the quantity of tissue through which the 
net gain or loss of metal will be distributed (Hellawell, 1986). Thus, growth may 
introduce a dilution factor to aquatic organisms. 
2.7.1 Models for metal accumulation 
The kinetic of uptake and elimination from water has been well characterized 
in a variety of marine and freshwater fish, and several models have been developed to 
study the bioaccumulation of chemicals (Barber et al., 1988; Barron et al., 1990). 
Two commonly used models of accumulation are the compartment model fNagel and 
L6skdll, 1991; Spacie et al., 1995) and the physiologically based pharmacokinetic 
(PB-PK) model (Spacie et al., 1995). 
2.7.2 Compartment model 
The compartment model is a mathematical description of the quantity of a 
chemical within a uniform system, as determined by competing rates of chemical 
input and output (Spacie and Hamelink, 1995). Compartment models are commonly 
used in pharmacokinetic studies and their properties have been discussed (Moriarty， 
1975; Nagel and L6skill, 1991). In the simplest possible models, two compartments 
are considered: the organism (fish) and the environment fNagel and Loskill, 1991). It 
is assumed that the distribution of pollutants between fish and environment is 
according to first order of kinetics. Pollutants can enter the fish at a certain rate 
which is depended on the concentration in the environment. The elimination rate of 
fish, on the other hand, is depended on the concentration of poUutants in the 
organism. Examples of the application of two-compartment models to study 
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bioaccumulation can be found in previous studies (Mcleese et “/.,1979; Spacie and 
Hamelink, 1995). 
In most cases, organisms cannot be treated as a single compartment. A 
portion of tissue residues is eliminated rapidly while the reminder takes considerably 
longer to depart. Metals bind strongly to proteins and other cell components 
(Mietttinen, 1974). Biphasic kinetics can be recognized in the depuration process 
which are represented as three-compartment model: the environment, fast and slow 
compartments within the organism (Spacie et al., 1995). 
2.7.3 Physiologically Based Pharmacokinetic (PB-PK) Model 
Simple models are of little practical use because most organisms cannot be 
considered as a single compartment. More sophisticated physiologically based 
pharmacokinetic (toxicokinetic) models have been developed to describe chemical 
uptake and subsequent disposition in fish. Physiologically based pharmacokinetic 
(toxicokinetic) models are mathematical descriptions of the nature of various 
compartments in an organism (Spacie et al., 1995). Fish are considered to have two 
or more separate compartments. PhysiologicaUy based pharmacokinetic 
(toxicokinetic) models treat major organs or tissue groups as separate compartments, 
and use physiologically realistic compartment descriptions (i.e., volume, lipid 
content). Communication between compartments is via blood perfusion, so realistic 
blood flow information is required. Estimates of physiological parameters are usually 
used rather than empirical rate constants obtained by curve fitting bioassay data. 
However, good results from a simple bioconcentration model may often be more 
appropriate and provide more reliable than physiologically based pharmacokinetic 
(toxicokinetic) model (Spacie etal., 1995). 
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2.8 INFLUENCE OF ENVIRONMENTAL FACTORS ON 
BIOACCUMULATION OF METALS 
2.8.1 Temperature 
Increased water temperature increases the solubility of many substances, 
influences the chemical form of some metals, and govems the amount of dissolved 
oxygen in water. The metabolic rate of poikilotherais increases with increase in 
temperature. Increased metabolism is accompanied by increased rates of movement 
of water and solutes across gills or other cellular membranes. As a results, 
temperature affects metabolic rate and ultimately the rate of uptake of toxicants. 
Yang et al. (1996) reported that temperature had a very marked influence on 
accumulation of cadmium in fish. In general, the higher the temperature, the higher 
the accumulation rate. At high temperature, organisms may be exposed to greater 
amounts of metals because of increased diffUsion or more active uptake. 
2.8.2 Salinity 
Many studies have been conducted to define the influence of saUnity on the 
bioavailability and toxicity of trace metals (McLusky et al., 1986; Forbe, 1991). In 
general, biotic metal concentrations increase when salinity decreases. Changes in 
salinity may affect metal accumulation and metal toxicity in marine organisms by 
causing changes in the availability of free metal ions in medium. Different salinity may 
cause different rates of metal uptake due to either a linkage of ion fluxes across the 
body surface of the organism, or to physiological changes in the organism itself, such 
as drinking or water-filtration rates. The influences of salinity on trace metal 
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tolerance in marine organisms appears to be linked to the disruption of normal 
pattern of hyper-/hypo-osmoregulation (McLusky etcd., 1987). 
2.8.3 Organic matter 
Dissolved trace metals can form complexes with many organic compounds 
originating from natural and anthropogenic source. Humic acids are natural phenol-
carboxylate polyelectrolytes which form complexes with various metallic ions, such 
as Cd2+, Cu2+, Hg+, Pb2+, Ni�+, and Zn^^(Mantoura et aL, 1978; Moore and 
Ramamoorthy, 1984) and modify their uptake rate and toxicity in the aquatic biota 
(Sprague, 1985; Steinberg and Muenster, 1985). Various studies have shown that 
humic matter and simple ligands can reduce the toxicity of copper to aquatic 
organisms (Winner, 1985; Meador, 1991; Welsh et al., 1993). The stability ofhumic 
complexes with various metals follows the Irving-Williams order of stability of 
chelate complexes: Mg > Ca > Cd > Mn > Co > Zn�Ni > Cu > Hg (Mantoura et al,’ 
1978). For example. Cook and Cote (1972) showed that the effect of humic acid on 
the toxicity of copper to juvenile Atlantic salmon was related to the concentration of 
humic acid. The concentration and the type of humic acid influenced the toxicity of 
copper. In fish, complexion with various hydrophobic ligands such as xanthates, 
diethyldithiocarbamates and dithiophosphates can also increase cadmium 
bioavailability. The likely explanation of these observation is related to the enhanced 
hydrophobic characteristics imparted by the ligands. It increases the potential for 
dissolution of the complex into membrane lipids (Geoffrey, 1988). 
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2.8.4 pH 
The major influence of pH is on the speciation of metals in water. Increased 
ionization of weak acids with increasing pH results in lower accumulation, apparently 
because of the inability or limited ability of the ionized compounds to move across 
lipid membranes in the gill epithelium. Higher toxicity of copper at lower pH values 
can usually be attributed to a greater concentration of free copper ions in the water 
(Campbell and Stokes, 1985). Spry and Wiener (1991) stated that fish in acidified 
lakes often have higher body or tissue burdens of aluminium, cadmium, lead and 
mercury than do fish in nearby lakes with higher pH. The authors attributed this to 
greater metal bioavailability at low pH and to lower concentrations of aqueous 
calcium that increased biological membrane permeability to metals at low pH. 
2.8.5 Chelators and surfactants 
The presence of chelators such as Na4P2O7, nitrilotriacetic acid fNTA) and 
EDTA is effective in reducing biotic cadmium levels. On the other hand, cadmium in 
the presence of diethyldithiocarbamate (DCC) bioaccumlated to a greater degree than 
in its absence (Poldoski, 1979). Dithiocarbamates, xanthates and 
dialkyldithiophosphates are examples of man-made chelating agents which may 
contaminate the aquatic environment. These chelators form lipophilic complexes with 
CcP+, NP+，Hg2+, CH3Hg+ and Pb�+ and increased their uptake by brown trout (Tjalve 
and Gottofrey, 1991). Sodium dimethyldithiocarbamate and sodium 
diethyldithiocarbamate produced a 12- to 78-fold increase in the uptake rate of all 
these metals. Potassium ethylxanthate increased the uptake rate of CH3Hg^^ and Pb^ + 
by 3.9 and 5.9 times respectively, but did not affect the uptake of Hg2+ and NP+ 
Sodium diethyldithiophosphate promoted a 2.1-fold increase in the rate of CH3Hg^" 
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uptake, but did not affect the uptake ofHg2+ and Pb?+ (Borg et al‘, 1989; Gottofrey et 
al., 1988 a & b; Gottofrey and Tjalve, 1991; Tjalve and Gottofrey, 1991). 
2.8.6 Other metals 
Few investigations have been made concerning the effect of one heavy metal 
on the accumulation of another metal in fish (Gill et al., 1992; Pelgrom et al., 1994 
a,b). Ramamoorthy and Blumhagen (1984) showed that rainbow trout accumulated 
more mercury in the presence of cadmium and zinc than when the fish were exposed 
to mercury alone. Metals may compete for calcium binding sites at the gill or inhibit 
Na+y^+-ATPase, which may in tum upset ionoregulatory balance. Increasing Ca?+ 
concentration in the water inhibits cadmium (McDonald et al., 1989) and Zn uptake 
(Spry and Wood, 1989). These studies suggested that Ca?+, Cd+ and Zn?+ may share 
the same channel for entry into epithelial cells, which, under normal circumstances, is 
,^  
used for Ca absorption (Zia and McDonald, 1994). 
2.9 BIOLOGICAL EFFECTS OF HEAVY METALS ON MAN 
Toxic effects of heavy metals on animals usually involve depletion of energy 
resources and alternation of metabolism in different tissues (Hernandez-Pascual and 
Tort, 1989; Reddy and Bhagyalakshmi, 1994). Jn humans, over 50% of the total 
absorbed cadmium will accumulate in kidneys and Uver (Heath, 1995). The rest is 
distributed over other tissues including blood, bones, lungs, and pancreas. Excretion 
is extremely slow. There is a relationship between cadmium exposure in industry and 
incidences of prostatic cancer. Cadmium sulphide may have some mutagenic effects 
OFriberg et al., 1976). In Japan, cases of cadmium poisoning have been reported since 
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1946. The “itai-itai，’ disease is characterized by a degeneration of the bones as they 
decalcify and become soft. Fractures and breakage can occur from simply coughing 
or rolling over in bed. 
Copper is regarded as an essential nutrient in mammals because of its key 
roles in many enzymatic reactions. The chief symptoms of acute toxicity are 
epigastric burning, nausea, vomiting, and diarrhea. In Wilson's disease or 
hepatolenticular degeneration, there is a constellation of clinical syndromes which are 
related to decompensation of the liver and subsequent increases in copper 
concentrations in other tissues. These syndromes include the deposition of copper in 
the cornea (Kayser-Fleischer rings), renal disease, cardiaomyopathy, haemolytic 
anaemia, neurologic disease and liver failure (Ishak and Sharp, 1987). Semm 
ceruloplasmin activity may decrease (Czaja et al., 1987) with increased urinary 
excretion of copper. 
Nickel in certain forms is carcinogenic to humans (International Agency for 
Research on Cancer, 1990). For examples, nickel sulphate may cause mutations 
(genetic changes) in living cells (U.S. Environmental Protection Agency, 1989). 
Statistically significant elevations in the incidence of respiratory cancers and 
pulmonary edema have been found among nickel refinery workers (Coogan et al., 
1989). Previous studies were found that nickel and its compounds may cause 
infertility in males, but this effect is usually reversible with removal from exposure 
cells (U.S. Environmental Protection Agency, 1989). 
Chromium (VI) compounds are more toxic to humans than chromium (III) 
compounds. Acute exposure to chromium (VI) compounds produces nausea, 
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diarrhea, liver and kidney damage, internal hemorrhages, dermatitis, and respiratory 
problems (US Environmental Protection Agency, 1987). Water-soluble chromium 
(VI) chromate compounds are considered mutagenic and possibly carcinogenic 
(Moore, 1990). However, the database is not yet strong enough to support any 
definitive conclusion on the carcinogenicity of these compounds to human (Moore, 
1990). 
The potential toxicological effects of lead have been known for a long time. 
The alkyl or organic forms of lead are ten times more toxic than the inorganic forms 
because the lipophilic properties allow organic lead compounds to penetrate the 
blood-brain barrier, making them highly neurotoxic. Blood damage occurs due to 
hemoglobin synthesis inhibition and a decrease in the number of red blood cells 
(Shmitz, 1996). lead inhibits the activity of the enzymatic aminolevulinic acid 
dehydrase (ALA-D). Blood lead concentration increases after low level chronic 
exposure, causing damages to kidney tissues and decreases in kidney function. 
Another form of damage occurs in the central nervous system and results in impaired 
motor coordination. Pb tends to cause inappetence, anaemia and neurological 
disturbances, particularly in young animals and man (McDowell, 1992) 
2.10 THE USE OF BIOLOGICAL INDICATOR ORGANISMS 
FOR METAL POLLUTION 
In recent years, biomonitoring with aquatic organisms has received the 
attention of many investigators，resulting in several book-length reviews (Hocutt and 
Stauffer, 1980; Vemberg et aL, 1981; Caim et al., 1984; Caims et al., 1984; Bayne, 
1985; Adams, 1990; Peakall, 1992; Huggett et al., 1992). Marine organisms can be 
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used as biological monitors for showing changes in levels of pollution and as 
reference points in determining direct or indirect efFects of pollutants on man (U.S. 
Environmental Protection Agency, 1980). Metal contamination of aquatic organisms 
is studied for three main purposes. First and most important is the protection of 
human and organisms harvested by human as food. Direct analysis of food source is 
the only guarantee of protection. Second is to monitor the trends in the space and 
time of metal contamination. Third is to design monitoring programme and selection 
ofbiological indicators (Geoffrey, 1987). 
The ideal characteristics of biological indicator organisms were identified and 
summarized by Phillips (1979) as follows: 
1. The organism should accumulate the pollutant without being killed by the levels 
encountered; 
2. The organism should be sedentary in order to be representative of the area of 
collection; 
3. The organism should be abundant in the study region; 
4. The organism should be sufficiently long-lived to allow the sampling of more than 
one-year class, if desired; 
5. The organism should be of reasonable size, providing sufficient amount of tissues 
for analysis; 
6. The organism should be easy to sample and hardy enough to survive in the 
laboratory, allowing defecation before analysis (if desired) and laboratory studies 
of metal uptake; 
7. The organism should tolerate brackish water; 
8. The organism should exhibit a high concentration factor for metals, allowing 
direct analysis without pre-concentration; 
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9. A simple correlation should exist between the metal content in the organism and 
the average metal concentration in the surrounding water; and 
10. All organisms in a survey should exhibit the same correlation between their metal 
contents and those in the surrounding water, at all locations studied, under all 
conditions. 
Although an ideal indicator organisms is rarely realized, good bioindicators 
should fiilfill most of the above criteria. The use of organisms as biomonitors of 
heavy metal pollution has been described by Phillips (1980). Because of their 
ecological characteristics (lifespan, type of diet, distribution) and their economic 
importance, cultured marine fish are potentially good indicator organisms for 
monitoring ofheavy metal pollution in aquatic ecosystems. Marine culture fish have a 
wide range of estuarine and marine habitats. Moreover, culture fish are one of the 
protein sources for human. More fish are large enough for bioaccumulation to be 




HEAVY METAL CONCENTRATIONS IN CULTURED MARINE 
FISH IN HONG KONG 
3.1 INTRODUCTION 
Hong Kong people eat a wide variety and a large amount of marine fish. 
Thus, the possibility ofcontamination offish resource by heavy metals or pollutants 
ofany kind is a serious problem for Hong Kong people. Most of the marine fish sold 
in the market are captured from the South China Sea. Overfishing has caused the fish 
stock in the South China Sea to drop, and the decline in fisheries production has led 
to rapid growth of the mariculture industry in local and nearby waters in 1980s. In 
order to protect the mariculture industry from pollution, most of the fish culture sites 
have been designated in the north-eastern quadrant of the New Territories (Figure 
3.1) where water quality was generally good. However, with the redistribution of 
residential population and industrial activities in Hong Kong, many of the coastal 
areas in the New Territories have become grossly polluted. 
Three fish culture sites were selected for this study because they were 
different in the degree ofpollution and located at different areas in the northeastern 
part of Hong Kong. San Mun Tsai was located near the Tai Po Industrial Area in 
inner Tolo Harbour. With regard to trace metals, Tolo Harbour has been shown to be 
extensively polluted with copper, zinc, iron and cadmium as well as other chemical 
(Chan，1988; Wu, 1988). Much of the discharge was of industrial origin including 
food processing, metal finishing, laundering, photofinishing and vehicle maintenance. 
(Hong Kong Environmental Protection Department, 1989). Due to low current flow 
and poor dilution effect，pollutants have the tendency to accumulate inside sheltered 
bays in inner Tolo Harbour and take a long time to disperse. Pak Sha Wan was 
located near more populated areas around Port Shelter. It is a partially enclosed 
water body with several mariculture zones. It is largely unsewered and contains many 
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Fig. 3.1: Map showing fish culture zones, fish ponds and oyster 





























































































































































































































































































































































































































































































































































































































































































































































































residential developments with private sewage treatment facilities (Hong Kong 
Environmental Protection Department, 1993). Sam Wan Tsai in Long Harbour is 
located in the edge ofMirs Bay. Because the area is remote and largely unaffected by 
human activities, water quality is expected to higher than those in San Mun Tsai and 
Pak Sha Wan. However, recent marine sand dredging, disposal ofmud and sludge in 
the southern part ofMirs Bay may have adversely affected the water quality in Sam 
Wan Tsai (Hong Kong Environmental Protection Department, 1993). 
Most fish are capable of accumulating heavy metals from their diet and from 
water through the gills (Atchison et al.，1977; Patrick and Loutit, 1978). Wren et al. 
(1983) have shown that concentrations of most metals in fish tissues are more 
strongly influenced by association with bottom sediments than by the position in the 
food chain. 
Marine fish cultured in floating cages are ideal for studying the distribution 
and concentration of heavy metals. Because of their ecological characteristics and 
their economic importance, fish are frequently used as tool for monitoring ofaquatic 
ecosystems. Consuming contaminated fish flesh may cause heavy metals to 
accumulate in human and pose serious risk to human health. The aim ofthe study is 
to measure the content of cadmium, chromium, copper, lead, nickel and zinc in 
tissues of marine fish reared in different fish culture zones in Hong Kong. Metal 
contents in seawater and sediments were also measured to determine the relationship 
between the concentration ofmetals in the environment and metal bioaccumulation in 
cultivated organisms. Since mussels have been widely used as indicators to monitor 
heavy metal pollution (Philips, 1976; Chu et al., 1990; Riget et al., 1996). Perna 
viridis (green mussel) were also collected for determining the metal concentrations in 
different fish culture sites. The results are used to provide a scientific basis for 
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selection offish farming sites and to establish whether contamination is within levels 
acceptable for consumption. 
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3.2 MATERIALS AND METHODS 
3.2.1 Sampling 
Samples of seawater, sediment, Perna viridis (green mussel), Lutjanus 
russelli (snapper), Sparus sarba (silver sea bream) and Epinephelus areolatus 
(sesame grouper) were collected from three fish culture sites (Fig 3.2). 
Hydrographical variables (pH, salinity, dissolved oxygen, visibility) at each fish 
culture sites were examined during sampling. Water samples were collected from lm 
below the surface and lm above the bottom by a water sampler, acidified to pH 2 
with nitric acid and stored in acid-washed polyethylene bottle at 4°C. Temperature 
and dissolved oxygen were measured with an oxygen meter. SaHnity was determined 
with a refractometer. Visibility was estimated using a Secchi disk. A Ciba-Coming 
Check-mate 90 with pH probe was used to measure the pH of the seawater. 
Chlorophyll-a concentration was determined by the spectrophotometric method 
(American Public Health Association, 1985). Sediment samples were collected with a 
mud grab and stored in polyethylene bags at 4°C. Mussel and fish were collected 
from fish cages. Thirty individuals were collected for each species. Only fish samples 
that have been cultured for 12-18 months were collected. The animals were killed 
immediately and transported to the laboratory in a box containing ice. All animal 
samples were kept frozen (-20°C) until analysis. 
3.2.2 Water Analysis 
Five days biochemical oxygen demand (BOD) of seawater was determined by 
the titration method described by American PubUc Health Association (1992). 
Seawater samples were filtered through 0.45^mi membrane filters with the use a 
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Millipore vacuum pump. Heavy metal concentrations (cadmium, chromium, copper, 
lead, nickel and zinc) in the acidified filtered seawater were measured by a Varian 
SpectrAA 400 Zeeman graphite furnace atomic absorption spectrometer with sample 
dispenser. For extremely low cadmium concentrations in seawater sample, the 
method of chelation with ammonium pyrrolidine dithiocarbamate (APDC) and 
extraction in dimethyl isobutyl ketone for measuring the concentration ofcadmium in 
seawater was used (American Public Health Association, 1992). 10% ammonium 
nitrate OSH4NO3) was used as a modifier for determining the concentration of 
cadmium, chromium, copper, lead, nickel and zinc. The particulate matter, retained 
on the filters，was oven-dried at 60°C until constant weight and digested by 65% 
HNO3. The mixture was then digested in dry heat block at 140°C for 8 hours. The 
digests were diluted with ultrapure water and made up to 25ml. Heavy metal 
concentrations (cadmium, chromium, copper, lead, nickel and zinc) in the particulate 
matter in seawater were measured by a Varian SpectrAA 400 Zeeman graphite 
fumace atomic absorption spectrometer with sample dispenser. 
3.2.3 Sediments Analysis 
Sediment samples were wet-sieved through a nylon net with openings of 
65nm mesh . The sediments were first air dried for 24 hours and then oven-dried at 
105�C until constant weight. The heavy metal determinations were carried out at the 
<65^im sediment fraction (silt and clay)，as metals are mainly associated with the 
small grains (Forstner and Salomons，1988). The sediment samples were disgested in 
10 ml of65% HNO3 (American Public Health Association，1992). The mixture was 
then digested in dry heat block at 220�C for 8 hours. The digests were filtered 
through a 0.45^im filter paper. The filtrates were diluted with ultrapure water and 
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made up to 50 ml. The diluted samples were analyzed for heavy metals (cadmium, 
chromium, copper, lead, nickel and zinc) using atomic absorption spectrometry 
(Model Z8100, Hitachi). 
3.2.4 Mussel Analysis 
At the time ofmetal analysis，the mussels were defrosted. The shell length of 
each individual was recorded. Soft tissues were dissected from the shells，and 
weighed on an electronic balance.. The tissues were washed in double distilled water, 
oven dried at 105°C until constant weight and homogenized to a powder. Dry weight 
of mussels were determined to calculate the percentage of moisture. 10 ml of 65% 
HNO3 were added to each to gram ofdried sample. The mixture was then digested in 
dry heat block at 140°C for 8 hours. The samples were diluted with ultrapure water 
and made up to 25 ml. Standard reference materials and blanks were also prepared 
for analysis. The samples were analyzed for heavy metals (cadmium, chromium, 
copper, lead, nickel and zinc) with a Varian SpectrAA 400 Zeeman graphite fUmace 
atomic absorption spectrometer with sample dispenser. 
3.2.5 Fish Analysis 
Fish were defrosted and their standard length and weight were recorded. 
Fish were washed by ultrapure water and dissected. Muscle and skin were removed 
from one side ofthe body with a sharp scalpel. Gills, liver, intestine (after removal of 
contents), and gonads were dissected carefuUy from each individual. Scales were 
removed from the skin before drying. M tissue samples were cleaned with ultrapure 
water and homogenized. Different tissues were oven dried at 105°C until constant 
weight. Five ml of65% HNO3 were added to each 0.5 g portion of dried sample. The 
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mixture was then digested in dry heat block at 140�C for 8 hours. The samples were 
diluted with ultrapure water and made up to 25 ml. The samples were analyzed for 
heavy metals (cadmium, chromium, copper, lead, nickel and zinc) with a Varian 
SpectrAA 400 Zeeman graphite furnace atomic absorption spectrometer with sample 
dispenser. 
3.2.6 Quality Control and Statistical Analysis 
Standard Reference Materials 1577b (Bovine Liver) from National Institute 
ofStandards and Technology were used as standard reference materials. The results 
from the analysis of SRM were all within the 95% confidence limit of the specified 
values. The accuracy ofthese procedures was careMy studied and process in each 
sample batch of acid digestion. The recoveries of zinc，copper, lead and cadmium 
were 93.5±3.8%，96.4+4.8%, 98.1±2.46% and 97.2±3.81% respectively. 
All statistical analyses were performed using SigmaStat Version 1.0 software. 
In all cases, a significance level of p=0.05 was applied. For each tissue，statistical 
differences in metal content between species and sites ofeach tissue were evaluated 
using one-way analysis of variance (ANOVA) followed by pairwise multiple 
comparison procedures (Student Neuman-Keuls Method) (Zar, 1984). M 
correlation analysis were evaluated using simple correlation (product-moment 




Thirty individuals ofeach species were collected from each fish culture sites. 
The shell length of Perna viridis ranged from 3.5cm to 11.0 cm. Only fish which 
have kept in fish culture sites for 12 to 18 months were used for this study. The 
standard length and weight of the animak are shown in Table 3.1. Standard length 
ranged from 20.4 to 25.0 cm for Lutjanus russelli, 22.2 to 28.0 cm for Sparus sarba 
and 28.0 to 35.5 cm for Epinephelus areolatus. Weight range was from 151 to 290 g 
for snapper, 279 to 531g for silver sea bream and 305 to 654 g for sesame grouper. 
Mean weight was 208 g for snapper, 373 g for sea bream and 442 g for sesame 
grouper respectively (Table 3.1). 
3.3.1 Seawater 
Water qualities at the three fish culture sites were examined and summarized 
in Table 3.2. The results obtained from this study were compared with data obtained 
in 1993 by the Hong Kong Environmental Protection Department (Hong Kong 
Environmental Protection Department, 1993). The data collected in this study were 
similar to those collected in 1993. The three sites showed different degree of 
pollution. Secchi disc depth at the three sites ranged from 1.5 to 3.8 m. Sam Wan 
Tsai was the cleanest site and San Mun Tsai was the most polluted site. A similar 
conclusion can be drawn from BOD5 results. Heavy metal concentrations in 
seawater were measured by the graphite fumace atomic absorption spectroscopy. 
The concentration of zinc，copper, lead, chromium, nickel and cadmium in seawater, 
sediments and mussels from three fish culture sites are presented in Table 3.3. The 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































chromium and cadmium. There are significant differences in the concentrations of 
zinc, lead, chromium and nickel among the three sites. For example, the 
concentration ofzinc in the seawater of San Mun Tsai and Pak Sha Wan was around 
50^gr\ The highest concentrations ofzinc，copper, nickel and cadmium were found 
in San Mun Tsai, but the highest concentration of lead was found in Pak Sha Wan. 
High lead concentration at Pak Sha Wan was possibility due to the presence oflarge 
number ofboats. 
3.3.2 Sediment 
Trace metal concentrations in sediment samples collected from the fish 
farming sites are presented in Table 3.3. Zinc concentration was the highest in three 
fish farming sites and cadmium concentration was the lowest. Sediment samples from 
San Mun Tsai and Pak Sha Wan contained higher concentrations of heavy metals 
than those from Sham Wan Tsai. Only zinc, copper，lead and nickel showed 
significant differences among sites (one-way ANOVA, P<0.05). 
3.3.3 Mussel 
Thirty individuals ofPerna viridis (green mussel) were collected from each 
sampling sites (Fig.3.2). Metal concentrations in the soft tissues of green mussels are 
summarized in Table 3.3. The order of metal concentration was similar to those in 
seawater. Mussels from San Mun Tsai and Pak Sha Wan contained much more zinc 
and lead than mussels from Sham Wan Tsai. The correlation between seawater and 
P. viridis are shown in Fig.3.3. The correlations between the concentrations of 
cadmium, chromium, copper, lead, nickel and zinc in seawater and green mussel 
were significant (P<0.05). However, the concentration ofheavy metals in sediments 
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Fig. 3.3: Relationship between mean metal concentrations in seawater 
and in whole soft tissue ofPema viridis in Sam Wan Tsai ( • ) , San Mun 
Tsai ( • ) and Pak Sha Wan ( • ) . Horizontal and vertical bars represent 
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Table 3.4: Correlation coefficient (r^) between shell length and metal 
concentration for Pema viridis at three fish culture sites. Significant 
correlation (p<0.05) is indicated by an asterisk. 
Pak Sha Wan San Mun Tsai Sam Wan Tsai 
n=30 n=30 � 3 0 
Zn -0.481* -0.489* -0.674* 
Cu -0.128 -0.327 -0.776* 
Pb -0.447* -0.542* -0.777* 
Ni -0.679* -0.022 -0.590* 
Cr -0.181 -0.242 -0.766* 
Cd 0.667* 0.622* 0.732* 
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and mussels did not show significant correlation. Correlations between shell length 
and metal concentrations in mussels are shown in Table 3.4. Only cadmium showed 
positive correlation with the shell length. The correlations between shell length and 
the concentration ofother metals were always mostly negative. Correlations between 
different metals in P. viridis are summarized in Table 3.5. In general, no clear trends 
could be identified. 
3.3.4 Fish 
Metal concentrations in the muscle, skin, gills，liver，gut and gonad tissues of 
snapper, sea bream and sesame grouper are reported in Figures 3.4, 3.5, 3.6，3.7，3.8 
and 3.9. All three species of marine fish contained low concentrations of cadmium 
and high concentration ofzinc. In general, the trend reflected those in sediments and 
seawater. The concentrations of copper and lead were higher than those of 
chromium, nickel and cadmium. Different organs showed different capacities for 
accumulating heavy metals. Gonads contained the highest concentration ofzinc in all 
the three species. The concentrations of copper in the liver ranged from 4.94-45.7 
(^ gg-i dry wt., while those of other tissues varied between a minimum of 0.89 [igg^ 
dry wt in the muscle of sesame grouper to a maximum of 5.30 i^gg"^  dry wt in gonad 
ofsea bream. The concentration ofcopper in sesame grouper was much higher than 
those in other two species. Cadmium concentration was low in aU tissues of aU three 
species. The highest cadmium concentration was found in the liver ofthe sea bream. 
In general，no difference was found among fish culture sites. Because no difference 
was found among sites，data were pooled to calculate correlations between body size 
and metal concentration in muscle, skin, gill，liver, gut and gonad. Correlations 
between body length and metal concentration are reported in Table 3.6. In general, 
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Table 3.5: Correlation coefficient (r^) between different metals (Zn, 
Cu, Pb, Cr, Ni, Cd) in Perna viridis at three fish culture sites. 
(a)PakShaWan(n=30) 
Zn Cu Pb Ni Cr — 
Cu -0.010 
Pb 0.276* 0.001 
Ni 0.276* 0.020 0.219 
Cr 0.452* 0.050 0.254* 0.354 
Cd 0.464* -0.135 0.121 -0.001 0.471* 
* p<0.05 
(b) SamMunTsai(n=30) 
Zn Cu Pb Ni Cr 
Cu -0.336 
Pb 0.144 -0.236 
Ni 0.079 0.041 -0.045 
Cr 0.346 -0.130 0.745* 0.231 
Cd 0.088 -0.083 0.204 -0.188 0.343 
* p<0.05 
(c) Sam Wan Tsai (n=30) 
Zn Cu Pb Ni Cr 一 
Cu -0.424* 
Pb -0.238 0.645* 
Ni -0.353 0.707* 0.402 
Cr -0.539* 0.745* 0.569* 0.780* 
Cd 0.888* -0.533* -0.350 -0.499* -0.664* 
* p<0.05 
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Fig.3.4: Mean concentrations (±SE) of zinc in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 




















































































































































































































































































Fig.3.5: Mean concentrations (±SE) of copper in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 






































































































































































































































































Fig.3.6: Mean concentrations (±SE) of chromium in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 
















































































































































































































































































Fig.3.7: Mean concentrations (±SE) of lead in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 

























































































































































































































Fig.3.8: Mean concentrations (±SE) of nickel in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 






























































































































































































































Fig.3.9: Mean concentrations (±SE) of cadmium in tissues of Lutjanus 
russelli, Sparus sarba and Epinephelus areolatus collected from three 
fish culture sites. Vertical bars indicate standard error. For each specific 
tissue, difference in metal concentration among fish culture sites is tested 
with a one way ANOVA, and significant difference (p<0.05) is indicated 






























































































































































































































































































































Table 3.6: Correlation coefficients between metal concentration and 
standard length of Lutjanus russelli, Sparus sarba and Epinephelus 
areolatus at three fish culture sites. 
(a) Muscle 
Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus  
(n=30) 
Zk ^0 l^ -0.042 ^.470* 
Cu -0.165 -0.061 "0.444* 
Cr -0.002 -0.036 -0.256 
Pb 0.174 0.033 ^.026 
Ni -0.350 -0.473* 4X417* 
^ -0.020 ^.330 -0.038 
* p< 0.05 
(b) skin 
Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus  
(n=3Q) 
Z^ 0032 02% 0.435* 
Cu -0.331 0.463* 0.170 
Cr -0.239 0.107 0.396 
Pb -0.030 0.390* "0.325 
Ni 0.002 0.372 ^457* 
Cd -0.019 0 ^ -0.209 
* p < 0 . 0 5 
(c) gills 
Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus  
(n=30) 
^ 0^]045 ^.033 o 3 ^ 
Cu 4).063 0.231 0.491* 
Cr 0.031 0.270 0.381 
Pb 4).188 0.103 0.034 
Ni 0.005 "0.056 ^265  
Cd •0.114 "0.228 "0-301 





Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus 
(n=3Q) 
Zii -0.455* -0.556* 0 ^ 
Cu -0.446* 0.315 0.083 
Cr -0.121 "0.361 >0.276 
Pb -0.350 -0.011 0.221 
Ni "0.042 -0.182 -0.055 
^ -0.610* 0.015 0.289 
* p < 0 . 0 5 
(e) intestine 
Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus 
(n=30) 
Z^ -0.205 o S s -0.003 
Cu "0.220 0.006 0.168 
Cr "0.276 4X210 0.376 
Pb 0.221 -0.195 -0.009 
Ni 0.137 -0.248 -0.042 
^ -0.084 0.076 0.414* 
* p< 0.05 
(f) gonad 
Lutjanus russelli Sparus sarba Epinephelus 
(n=30) (n=30) areolatus  
(n=30) 
^ -0.288 "0.343 ^ 3 7 
Cu "0.186 "0.244 >0.415* 
Cr 0.078 "0.201 >0.089 
Pb -0.322 "0.387 -0.011 
Ni 4).441* 0.013 -0.270 
Cd -0.367 4).167 "0-373 
* p< 0.05 
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no correlation existed between the body length and metal concentration in different 




Organisms obtain their trace elements, either directly from water or indirectly 
from food. Although some metals such as zinc, copper, chromium and nickel are 
essential to animals, high concentrations can be toxic. In contrast, other metals such 
as cadmium and lead are considered only for their negative effects. 
3.4.1 Metal concentration in seawater, sediments, green mussel and fish 
The range of metal concentration in unpolluted ocean water are 0.20-27 pgl] 
for copper, 1-50 i^gl_i for zinc, 0.02-0.4 ngl_i for lead and 0.02-0.25 |igl'^ for cadmium 
(Spacie et al., 1995). Metal concentrations found in Hong Kong fish culture sites in 
the present study (Table 3.3) were higher than those encountered in unpolluted 
oceans. However, heavy metal concentrations in Victoria Harbour reported by Chan 
et al. (1974) and Chan (1995) were much higher than those reported in this study. 
Among the three fish culture sites, highest metal concentrations were found in San 
Mun Tsai. The reason for the high concentration of heavy metals around San Mun 
Tsai was probably the discharge of industrial effluents from Tai Po industrial estate 
into Inner Tolo Harbour. Due to the low current flow and poor dilution in Tolo 
Harbour, pollutants have a tendency to accumulate inside the shelter bay in San Mun 
Tsai. A similar situation was observed in sediments. The high heavy metal contents in 
bottom sediments was mainly due to the rapid development at Shatin and Tai Po New 
Towns and the establishment of the Tai Po and Fo Tan Mustrial Estate which 
resulted in the discharge of large volumes of wastewater (both industrial and 
domestic) into Tolo Harbour. Most ofthe discharge were of industrial origin, coming 
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from factories involved in food processing, metal finishing, laundering, photofinishing 
and vehicle maintenance. (Environmental Protection Department, 1989). 
Among six studied metals, the concentration of cadmium was the lowest in 
mussel and marine fish, the concentration of zinc was the highest. The 
concentrations ofcopper and lead were higher than those of chromium and cadmium. 
In general, the order was similar to those in seawater and sediments. The pattem of 
heavy metal accumulation in green mussel was similar to that in seawater and slightly 
different from that in sediments. This is not surprising, because Perna viridis is not a 
sediment-dwelling organism. The influence of metal concentrations in sediments may 
have limited value in this study. 
The concentrations of trace metals in various marine species marketed in 
Hong Kong have also been studied. Concentrations of cadmium in Pacific oysters 
{Crassostrea gigas) from Deep Bay varied from 0.4 to 1.1 ^gl'^ (^hillips et 
a/.,1982b, 1986). The concentrations of copper and lead in Perna viridis have been 
reported as 8.5-278 ^igg^ dry wt and 1.4-60 i^gg"^  dry wt respectively. R viridis was 
found to be an excellent bio-indicator ofcopper and lead (Phillips, 1985). Chu et al. 
(1990) has studied the concentrations of heavy metals (zinc, iron, copper and 
cadmium) in two bivalves (P. viridis and Saccostrea cucullata) in Tolo Harbour. S. 
cucullata contained higher concentrations of zinc，copper and cadmium than P. 
viridis. Compared to data collected in this study, the concentrations of zinc and 
copper were quite similar, but the concentration of cadmium were much lower than 
that reported by Chu et al. (1990). 
Metal concentrations in fish reflected those in the environment and the 
general pattem of heavy metal accumulation were similar to those which found in 
seawater, sediments and green mussels. For instances, the concentrations of zinc in 
68 
i^r-
seawater, sediments and green mussels were higher than those of the other metals 
and the concentration of cadmium was the lowest. The reason for the higher 
concentrations of zinc and copper is that zinc and copper are essential elements 
which are careMy regulated by physiological mechanisms in most organisms. 
Species differences in zinc and copper probably reflected varying requirements or 
tolerances to these metals rather than differences in anthropogenically derived 
exposures. 
3.4.2 Accumulation ofheavy metals in different tissues ofcultured fish 
A comparison of the concentration of cadmium, chromium, copper, lead, 
nickel and zinc in muscle, skin, gill, liver, intestine and gonad of Epinephelus 
areolatus, Lutjanus russelli and Sparus sarba (Figures 3.3-3.8) indicated that 
different organs showed different capacities for accumulating metals. In general, 
muscle and skin contained much lower concentrations of metals than liver, intestine 
and gonads. Skin contained higher concentration of zinc and copper than muscle in 
all the three species offish investigated (Figures 3.3 and 3.4). The difference in the 
levels of zinc and copper between muscle and skin may be due to the higher 
pigmentation in the skin tissue than in the muscle tissue (Underwood, 1971; Honda 
et cd., 1979). Gonads contained the highest concentration of zinc in all three species. 
It seems that zinc is an important element in reproduction. For copper, the highest 
concentrations were found in the liver. Concentration in liver range from 4.94-45.7 
腳-1 dry wt, while other tissues varied between a minimum of 0.89 [igg^ dry wt in 
the muscle of the sesame grouper to a maximum of 5.30 i^gg"^  dry wt in gonad of 
sea bream. Chromium accumulated to the highest levels in the gills of the three 
species ofcultured marine fish. Cadmium concentrations were low in all tissues ofall 
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three species. The highest concentration of cadmium was found in the liver of sea 
bream. Since cadmium is toxic to fish and the liver is the key organ in detoxification, 
marked cadmium accumulation in the liver is expected. All three species of fish 
contained high concentrations of cadmium and copper in the liver (Figures 3.4 and 
3.8). Metal concentrations in fish liver may serve as good biomonitors of copper and 
cadmium pollution. High concentrations of zinc were found in gonads ofall three fish 
species (Figure 3.3). Gonads may serve as good biomonitors of zinc pollution. 
However, metal accumulation in gonads are influenced by sampling season. 
Compared to studies from other countries, Sparus sarba from fish culture 
sites in Hong Kong were not highly contaminated with heavy metals. For example， 
liver residues in S. sarba from the United Arab Emirates averaged 7.67 i^gg"^  wet wt 
for copper, 0.17 ^igg^ wet wt for lead, 59.2 i^gg"^  wet wt for zinc，and 0.16 ^igg^ 
wet wt for cadmium (Al-Ghais, 1995). Muscle residues in the same study averaged 
0.36 腳-1 wet wt for copper, 0.16 i^gg"^  wet wt for lead, 4.05 pgg] wet weight for 
zinc and 0.03 i^gg'^  wet wt for cadmium (Al-Ghais, 1995). Similarly, in comparison 
with other marine organisms collected in Hong Kong，the level of heavy metal 
contamination in the three studied fish culture sites were also limited. For example, 
copper concentrations of rabbitfish {Siganus oramin) collected in 1983 from the 
highly polluted Victoria Harbour in Hong Kong were 5.70 mgkg '^  dry weight for 
muscle，15.6 mgkg"^  for gills , 26.6 mgkg"^  for viscera and 10.4 mgkg^ for vertebrae 
(Chan，1995). Concentrations of lead were 19.1 mgkg^ for muscle, 94.6 mgkg"^  for 
gills , 26.8 mgkg-i for viscera and 83.1 mgkg^ for vertebrae, while concentrations of 
zinc in mg.kg^ dry weight were 66.6 for muscle, 165 for gills , 193 for viscera and 
171 for vertebrae (Chan, 1995). 
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3.4.3 Relationship between body size and metal accumulation 
Different studies have shown different results in the relationship between 
body size and metal accumulation (Honda et al., 1979; Rinc6n et al,’ 1987). 
Correlation between metal accumulation and body size obtained by Honda et al. 
(1979) revealed that metabolic turnover is more important than age or exposure time 
in determining the level ofiron, manganese, zinc and copper which are referred to as 
essential metal for marine invertebrates. For marine invertebrates, metabolic turnover 
(M) correlates with body size (W) by the allometric relationship M=aW^, where a 
and b are constant (Hawker, 1990). On the other hand, the age or exposure time is 
the dominant factor for the accumulation of cadmium and mercury which are non-
essential metal in marine animals. The present study has found that metal 
concentrations in the soft tissues of Perna viridis were greatly dependent on shell 
length (Table 3.4). In contrast, metal concentrations in the tissues of three species of 
marine fish were independent of body size. High concentration of pollutants will 
retard the growth of marine organisms. The body length and weight offish may not 
be necessarily indicative ofthe age ofthe fish, so that a larger body length or weight 
does not indicate a longer duration of exposure (Singh et al., 1991). However, a 
trend ofmetal accumulation in which smaller individuals had higher concentrations of 
heavy metals than larger individuals was observed. These observations can be 
explained in terms of uptake or excretion rates, increasing or decreasing 
physiological needs, metabolic turnover and/or varying exposure time. For non-
essential metals such as cadmium, the increase of cadmium content with size 
coincides with those recorded in other studies on non-essential metals (Bull et al., 
1981;Rinc6n etal., 1987). 
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3.4.4 Heavy metal pollution in fish culture sites 
There was no extensive guideline for metal concentrations in seafood for 
human consumption in Hong Kong (Table 3.7). The maximum permitted 
concentration ofcadmium, chromium and lead present in seafood as set by the Hong 
Kong Government is 2.00, 1.00 and 6.00 mgkg] live weight. The present study 
suggests that the concentrations oftrace metals in edible tissues such as muscle are 
well within acceptable limits for human consumption. However, consumption of 
mussel and internal organs of fish such as liver is not advisable. Because it has 
become increasingly difficult to find wild-caught fish species in and around Hong 
Kong, the level of metal contamination between the wild-caught and cultured fish 
species was not compared. The concentrations of trace elements in various marine 
species marketed in Hong Kong have been studied in relation to the protection of 
human health (Phillips, 1989). Surveys of trace metals in Perna viridis from the 
coastal waters ofHong Kong have been conducted by various investigators (Chan, 
1988; Chu et al., 1990；. P. viridis is an ideal bio-indicator of trace metals because it 
reflects the metal contamination of coastal waters through body burdens of trace 
metals (Phillips, 1980). These previous studies showed that the degree of heavy 
metal pollution in and around the fish culture sites have reached a alarming level. 
3.4.5 Selection of fish culture site 
Most fish farming sites are located to the northeast part ofHong Kong. The 
Zhujiang produces a dilution effect on the coastal water to the west ofHong Kong 
(Hong Kong Environmental Protection Department, 1993). Seawater of lower 
saHnity in the northwestern part of Hong Kong is not suitable for cultivation of 



















































































































































































































































































































































































































































































become more serious in recent years as a result of the expansion of residential and 
industrial areas. Possible heavy metal contamination of the fish culture sites has 
drawn much public concerns. The present monitoring programmes have been 
conducted to investigate the relationship among the concentrations ofheavy metal in 
seawater, sediments, green mussels and cultured marine fish. The results suggest that 
the problem ofmetal contamination in fish culture sites is not serious. Since cultured 
fish are kept in floating cages and do not live on the bottom, metals accumulated in 
bottom sediments are probably not a major cause ofheavy metal accumulation in fish 
tissues. Metal concentrations recorded in sediments from fish culture sites indicate 
anthrogenic input of trace metals in the past. There is not sufficient evidence to 
demonstrate that the bioavailability of heavy metals in sediments will affect the 
concentration ofheavy metals in marine organisms, except the bottom dwellers. The 
concentration of heavy metals in seawater is a more important physical indicator of 
heavy metal bioaccumulation. Because the environmental concentration of metal in 
seawater tends to fluctuate widely and frequently due to changes in physical and 
chemical conditions in the sea, Perna viridis is a better bio-indicator organism for 
monitoring heavy metal pollution in and around fish culture sites. 
The present study shows that heavy metal concentrations in seawater and 
sediments from fish culture sites generally do not show a close relationship with the 
level of heavy metal accumulation in the cultured marine fish. The residue level of 
metals in fish tissues are controlled by homeostatic mechanisms, but only in within a 
certain limit (Singh et al., 1991). Fish possess the ability to perform a wide variety of 
detoxification reactions. For example, hepatic detoxification of copper may involve 
metaUothionein/ iso metallothionein induction with copper displacement of other 
elements orginally bound nonspecifically to high molecular weight (Sorensen, 1991). 
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Renal and extrarenal changes also protect fish from metal poisoning (Lauren and 
McDonald, 1985; 1987a, 1987b). Isometallothionein sysnthesis, hormone-mediated, 
Na+-K+-ATPase changes, mucification, ammonia secretion, sequestration process, 
and other mechanisms may prolong fish survival (Sorensen, 1991). The present study 
demonstrates that information on the concentration of heavy metals in seawater and 
sediments is not useful for the selection of fish culture sites. However, the use of 
bivalves (e.g. Perna viridis) monitor heavy metal pollution in and around fish culture 




ACUTE TOXICITY AND SHORT-TERM EFFECTS OF COPPER 
(II) IONS ON SPARUS SARBA 
4.1 INTRODUCTION 
Aquatic toxicity is the qualitative and quantitative study of the adverse or 
toxic effects of chemicals and other anthropogenic materials or xenobiotics on 
aquatic organisms. Toxic effects may include both lethal and sublethal effects such as 
change in growth, development, reproduction, pharmacokinetic responses, 
pathology, biochemistry, physiology, and behavior (Connell and Miller, 1984; Rand 
and Petrocelli, 1995). 
The objective of an acute aquatic toxicity test is to determine the 
concentration of a test material (a chemical or effluent) or the level of an agent (e.g. 
temperature and pH) that produces a deleterious effect on a group of test organisms 
during a short-term exposure under controlled laboratory conditions (Rand and 
Petrocelli, 1995). The results of the exposure are plotted on a graph that relates the 
concentration of the test chemical to the percentage of organisms in test groups 
exhibiting the defined response. Such a correlation is commonly referred to as a 
concentration-response relationship. The concentration-response relationship is a 
graded relationship between the concentration of the test chemical to which the 
organisms are exposed and the severity of the response elicited. Generally, within 
certain limits, the greater the concentration of the test chemical, the more severe the 
response (Abel, 1990). 
In determining the relative toxicity of a chemical to aquatic organisms, an 
acute toxicity test is first conducted to estimate the median lethal concentration 
(LC50) of the chemical in the water to which test organisms are exposed. The 
concentration-response relationship should have a precise meaning, the duration of 
exposure must be defined. The LC50 is the concentration estimated to produce 
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mortality in 50% of a test population over a specific time period. The length of 
exposure is usually 24 to 96 hours, depending on the life span of the test organisms 
(Rand and Petrocelli, 1995). 
Trace metal toxicity to aquatic organisms is manifested in a wide range of 
effects, from slight reduction in growth rate to death. Copper was chosen for the 
experiments because it is a representative and widespread pollutant. Growth has been 
shown to be sensitive to copper in a number of fish species including the fathead 
minnows Pimephales promela, (Mount and Stephan, 1969), the brook trout 
Salvelinus fontinalis (McKim and Benoit, 1971), and rainbow trout Oncorhynchus 
mykiss (Lett et al., 1976; Marr et al., 1995). Exposure to copper has been shown to 
cause reduced growth, often with impacts to specific growth rates most pronounced 
during initial exposure periods (Lett et al., 1976; Waiwood and Beamish, 1978; 
Dixon and Sprague, 1981a; Collvin, 1984; Seim et al., 1984). The physiological 
changes permitting metal detoxification and homeostasis require energy (Hogstrand 
et al,, 1995; Marr et al, 1995) and reduced growth caused by exposure to copper 
has been attributed to metabolic demands associated with metal detoxification. 
The silver sea bream, Sparus sarba, an euryhaline teleost, was chosen in this 
study as the test species. This species is an economically important food fish that is 
commonly cultured in Hong Kong and many Southeast Asia countries. Extensive 
studies on the physiology of the silver sea bream have been carried out in Hong 
Kong. For example, Kelly (1994) reported on the growth and metabolic response to 
varying salinities of S. sarba. Availability of background information on growing 
silver sea bream allowed easy handling of the test animals. 
In this study, the acute toxicity of copper sulphate on Sparus sarba was 
investigated to identify a suitable dose for studying the growth responses of S. sarba 
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exposed to sublethal concentrations of waterbome copper. The present research was 
also designed to determine whether prolonged exposure would lead to increased 
copper accumulation in the whole body and different organs of S. sarba. The 
information is essential for the following experiment on accumulation and elimination 
of copper in S. sarba. 
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4.2 MATERIALS AND METHODS 
4.2.1 Experimental animals 
Sparus sarba obtained from fish farm in Sham Wan Tsai was kept in well 
aerated sea water at 33 %o and was fed to satiation twice daily with fish meat. The 
fish were acclimated for at least 4 weeks prior to the start of the experiment. Feeding 
was discontinued 24 hours before the fish were transferred into experimental tanks to 
initiate the experiments. During the acclimation period, water temperature was 
maintained at 26-28°C, salinity at 33 %o and pH at 7.5-7.9. Oxygen concentration 
was kept at saturation by aeration. Only fish which grew well during the acclimation 
period were used in the experiments. No antibiotic or other drugs were used during 
the acclimation and testing period. Feeding was discontinued 24 hours before fish 
were transferred into experimental tanks to initiate the experiments. 
4.2.2 Determination of the 96 hour median lethal concentrations 
Twenty fish from a specific weight classes (mean wet weight: 9.42+2.09 g 
and 85.5±27.1 g) were randomly transferred into each 400 1 fiberglass test tanks 
containing 33 %o sea water. After acclimation for 24 hours, each tank was dosed with 
an appropriate amount of reagent grade hydrated copper sulphate (CuSO4.5H2O) 
from a stock solution of 1000 mg.l'^  Cu�+ to produce the required test concentrations 
of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0 mg.l"^  Cu�+ ions. A tank containing 
uncontaminated seawater served as control. The fishes were not fed during the 
experimental period. Water temperature during the experiment was between 26-29°C. 
Dissolved oxygen was maintained at close to saturation by aeration. The pH of the 
test water varied from 7.6-7.9 and was monitored with a research grade pH meter. 
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Salinity ranged from 30-33 %o and was measured with a refractometer. Copper 
concentrations in each tank were measured at the beginning and the end of the 
experiment by a Varian A400 graphite furnace atomic absorption spectrophotometer, 
according to method described in Section 3.2 and were found to vary by less than 5 
% during the course of the experiment. 
Morality was monitored every 12 hours. Duration of the experiment was 96 
hours. Individuals that did not move their gills and did not react to gentle prodding 
were assumed dead. Dead individuals were removed from the tank, and death was 
further confirmed by the inability to recover in uncontaminated water after 1 hour. 
The 96 hour median lethal concentration were determined according to the method of 
Litchfield and Wilcoxon (1949). Duplicate tests were established for each weight 
class . 
4.2.3 Determination of growth rate 
Fish of a specific weight group were randomly sorted into 400 1 fiberglass 
tanks containing 33 %o seawater. The animals were further divided into four groups. 
One group was used as the control. The other 3 groups were exposed Cu�+ ion at 
concentrations of 150 ^igl'^ 300 i^gl'^  and 450 \ig\'\ Fifteen fishes were kept in each 
test tank and fed ad libitum on a commercial pellet food (Tetra DoroMarin) during 
the experiments. After 1 hour of feeding, uneaten food were removed with a hand 
net. Water temperature during the experiment was between 26-29 T . Dissolved 
oxygen was maintained at close to saturation by aeration. The pH of the test water 
varied from 7.6-7.9，while salinity ranged from 30-33. Half of the water in each tank 
was changed every five days to avoided deterioration of water quality. The copper 
concentration of uncontaminated seawater was < 6 [ig\'\ Copper concentration in 
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each tank was measured at the beginning and the end of the experiment and was 
found to vary by less than 5 % during the course of the experiment. Copper 
concentrations in test water were measured by a Varian A400 graphite furnace 
atomic absorption spectrophotometer, according to method described in Section 3.2. 
The length and wet weight of the fish was measured every 10 days. The fish 
were removed from the tank, wrapped with a wet cloth, measured with a ruler, and 
weighed on an electronic balance. The growth rate were calculated from the formula 
(American Public Health Association, 1992): 
Growthrate = - ^ - ? * ^ x ^  
time interval,d mean weight, g 
where mean weight = [ weight at start of time interval (g) 
+ weight at end of time interval (g)] 
+2 
At the end of the experiment, all fish were killed and dissected for 
measurement of copper concentration in different tissues (muscle, skin, gills, liver and 
intestine) using graphite furnace atomic absorption spectrometry. The standard 
reference materials were Standard Reference Materials 1577b (Bovine Liver) from 
National Institute of Standards and Technology. Recovery was 93.5土3.8 % and the 
level of detection was 0.005^ig.g_i for copper. 
Differences in fish growth, whole-body copper, and copper concentration in 
different tissues among test groups were tested by one-way analysis of variance 
(ANOVA). In case where the ANOVA showed significant effects among test groups, 
Dunnett's multiple comparison procedure (Zar, 1984) was used to make comparison 




4.3.1 Determination of the 96 hour median lethal concentrations 
The 24-, 48-, 72-, and 96-h LC50 values for 2 size groups of silver sea bream 
exposed to copper are presented in Table 4.1. The LC50 values for small fish were 
slightly lower than those for large fish, indicating that large fish were more tolerance 
to copper. 
4.3.2 Determination of growth rate 
Copper concentrations not lethal to Sparus sarba were chosen for growth 
test. The test concentrations were about 12, 25 and 40 % of the 96-h LC50. The 
growth for the 2 body weight groups were calculated using the mean weights of fish 
throughout the 30-day bioassay and are summarized in Figures 4.1 and 4.2. For both 
body weight groups, exposure to copper concentrations as low as 150 ^gl"^  caused 
significant reductions in the growth rate compared to control fish. For small fish, 
copper at 150 and 300 ^gl"^  caused reductions in the growth rate after 20 days of 
exposure. For large fish, reduced growth was observed after 10 days at 150 ^igl] and 
higher concentrations. Negative or zero growth occurred at the 450 i^gl"^  in both 
weight groups. The growth rate of the small fish was higher than that ofthe large fish 
group by about a 100 fold. 
4.3.3 Distribution of copper concentration in whole body and different tissues 
of Sparus sarba 
Fish exposed to copper for 30 days contained more copper than control fish 
(Tables 4.2 and 4.3) The highest copper concentrations for both small and large fish 























































































































































































































Fig. 4.1: Effect of copper on short-term growth rate (±SE) of Sparus 
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Fig. 4.2: Effect of copper on short-term growth rate (±SE) of Sparus 
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gonad were also rather high. Muscle, skin and gill had the lowest copper 
concentrations. Generally, the order of copper accumulation was intestine > liver > 
gonad > gill, skin and muscle. Copper concentrations in liver, intestine and gonad 
increased markedly as the concentration of copper in the ambient environment 





4.4.1 Determination of the 96 hour median lethal concentrations 
The present study shows that the 96h-LC50 of copper for Sparus sarba 
ranged from 1.03 to 1.24 mgl'i. This was higher than the values for Fantail darters 
{Etheostoma flahellare) which ranged from 330-392 ^gl"^  and Johnny darters (E. 
nigrum) which ranged from 483-602 ^gl'^ (Lydy and Wissing, 1988). Ling et al. 
(1993) found that the 96 h-LC50 value of copper sulphate in goldfish was 288 yigV\ 
These results show that Sparus sarba was more tolerant to copper than some fish. 
However，other studies showed that S. sarba was more sensitive than other fish. The 
96-h LC50 values for juvenile pompano {Trachinotus carolinus) was 1.97 mgl"^  
(Birdsong and Avault, 1971). The value for the blue gill Lepomis marcochirius was 
1100 |igl"^ Cu2+(Benoit，1975), and was similar to the value for S. sarba. The 
discrepancy in the toxicity of copper to different species of fish could be due to 
species differences and differences in test conditions. 
Comparison with other metals shows that copper was relatively more toxic 
than other metals. For examples, the 96h-LC50 values of zinc for junvenile Colorado 
squawfish and bonytail were around 8 mgl] (Buhl and Hamilton, 1996). Rand and 
Petrocelli (1995) reported 96-h LC50 value of 4.1 mgl"^  lead in soft water for brook 
trout Salvelinm fontinalis. Based on the 96h-LC50 values, the acute toxicity of 
copper is similar to that of cadmium. The value of cadmium for salmonids was 
around 1 mgl"^  (Pickering et al., 1989). On the other hand，fish generally are more 
sensitive to copper than other aquatic organisms such as mollusks，annelids and 
crustaceans (^J.S. Environmental Protection Agency, 1980a, 1980b, 1980c, 1980d). 
For example, acute toxicity of copper for vertebrate such as fish (Salmonidae) ranged 
91 
^ -
from 30-500 ngl_i, while 96h-LC50 values ofMollusca and Arthropoda (crustaceans) 
were around 200-8000 ^igl'^ and 50-100000 ^gl'^ respectively (Leland and Kuwabara, 
1995). 
The toxicity of copper to fish has been shown to be affected by various 
physiochemical attributes such as salinity (Birdsong and Avault, 1971), pH, dissolved 
organic matter and suspended solids (Erickson et al., 1996). Previous exposure to 
copper can influence the toxicity of copper in fish (Dixon and Spraque, 1981a). The 
results of acute toxicity tests demonstrate that tolerance to copper varied with the 
size of the fish. Slightly lower LC50 values were found for small fish than for large 
fish. Large fish may be expected to be more tolerant to toxicants. Copper was more 
toxic to small fish than to large fish. Large fish would accumulate less copper during 
a same exposure and require a more severe exposure to achieve a toxic level of 
copper in tissues. It may be explained by the high metabolic turnover of small fish. 
Higher copper concentration may induce high ventilation rate, increased coughing 
frequencies and elevated oxygen utilization (Spoor, et al., 1971; Sellers, et al., 1975; 
Klaverkamp, 1982) and higher oxygen consumption. Hence, it increases metabolic 
turnover in small fish. Most metabolic processes in animals are inversely proportional 
to body size so weight-specific rate functions generally exhibit an exponent of 0.75 
(Schmidit-Nielsen, 1984). 
For tests of acute lethality, the standard relation used is LC50=aW^, where W 
is the weight of the organism and a and b are constants determined from the 
experiment (Anderson and Weber, 1975). The value o f b is the slope of the relation 
between LC50 and weight if we log-transformed the above equation to: Log LC50= 
Log a + b log W. It is found that all b values have any value, but positive，such that 
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the small fish have lower LC50 values than large fish. Anderson and Weber (1975) 
reported that the values o f b was frequently around 0.7，other studies were reported 
the values o f b was 0.27 for the sunfish and 0.0 for the trout (Anderson and Spear, 
1980). Small individuals are more sensitive to a certain toxicant than large one. It 
may be explained that large fish would accumulate less copper during a given 
exposure period and would require a more severe exposure to achieve a certain toxic 
level of copper in the target tissue or tissues. Similar results have been reported by 
Lauren and McDonald (1986), Sorensen (1991) and Marr et al (1996). 
4.4.2 Determination of growth rate 
Various studies have demonstrated that copper accumulation in fish tissues 
can be associated with adverse physiological response (e.g. Benoit, 1975, Dixon and 
Sprague, 1981a; Collvin, 1985; Marr et al., 1995 & 1996). In this experiment, the 
growth rate of Sparus sarba was reduced by the presence of copper and the 
reductions was dose-dependent (Tables 4.2.1 and 4.2.2). Reduced growth caused by 
waterbome copper exposures has been associated with suppressed feeding, such as 
depressed appetite observed in rainbow trout (Lett et al., 1976) and reduced feeding 
activity in perch (Collvin, 1984). In this study, qualitative observations of fish feeding 
behaviour indicated that fish in control，150 and 300 ^gl"^  Cu fed actively, but a slight 
reduction in feeding activity was observed in fish exposed to the highest copper 
concentration (450 i^gl"^  Cu). Depressed growth induced by copper exposure may be 
related to several factors such as reduction in appetite, decrease in efficiency of 
energy utilization, as well as increase in maintenance energy requirement (Lett et al., 
1976; Waiwood and Beamish, 1978). Physiological changes permitting metal 
detoxification and homeostasis require energy (Hogstrand et a/.,1995; Marr, et al., 
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1995). Reduced growth caused by exposure to copper has been attributed to 
metabolic demands associated with metal detoxification. The stimulation of liver 
energy consumption reflects an increase in detoxification activity and associated 
protein synthesis in the liver. Exposure to copper influences the basal metabolic rate 
of S. sarba which could limit growth through decreased efficiency of energy 
utilization coupled with increased metabolic maintenance costs C^arr, 1996). 
4.4.3 Distribution of Cu concentration in whole body and different tissues of 
Sparus sarba 
In this study, significant accumulation of copper have been observed in 
Sparus sarba at sublethal copper exposures . Throughout the 30-day exposures, fish 
exposed to higher waterborae copper concentrations accumulated more copper 
(Table 4.3.1 and 4.3.2). This accumulation was dose-dependent. After 30 days, the 
whole-body copper concentration increased significantly in the 150，300 and 450^igl] 
Cu treatment groups. Different tissues showed different pattem of accumulation. 
Both the liver and intestine exhibited large increases in copper concentration, but the 
reasons were different. The increase in copper concentration in intestine might be due 
to swallowing of contaminated water by the fish. The contaminated seawater was in 
direct contact with the wall ofthe intestine. Some copper residues would be adsorbed 
on internal wall ofthe intestine. It was difficult to remove all copper residue on the 
internal wall ofthe intestine before the metal analysis. Liver is the major organs for 
metal detoxification. It is the site ofbiotransformation for harmful trace metals. The 
first metabolic step is mediated by mono-oxygenase or mixed-function oxygenase, 
which introduce ftinctional groups into the substrates (Buhler and Williams, 1988). 
Primary oxidation products arising from the so-called phase I reactions are then 
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excreted or further transformed into products of greater water solubility. This second 
step (phase II) is mediated by a series of conjugating enzymes, for example, 
ethoxyresorufin-0-dealkylase, pentoxyresourfin-0-dealkylase and glutathione-S-
transferase (Foureman，1989; Romeo et al, 1994). When the fish was exposed to 
levels of copper higher than those normally present in the environment, copper would 
accumulate to high concentrations in the liver. Elevated copper concentrations in the 
gills could be due to copper complexing with the mucus, which was impossible to 
completely remove from between the lamellae before the tissue was prepared for 
analysis. Generally, muscle accumulates the least amount of copper among different 
tissues in fish. In previous study (Coello and Khan, 1996)，scales of fish has been 
shown to accumulate high concentrations of metals. However, skin exhibited 
relatively low copper concentration in this study. The explanation may be due to the 
removal of scales from skin before the treatment for metal analysis. 
Comparison between two weight groups (small fish and large fish) shows 
that average copper concentrations in different tissues were higher in large fish than 
small fish, especially in the liver and intestine. However, the general pattern of 
accumulation in different tissues was relatively similar between the two groups. 
Results presented here demonstrate a clear relationship between copper residues and 
growth responses. The relationship is consistent with other fish such as coho salmon 
(Buckley, 1982) and brown trout juveniles (Marr et al., 1995). 
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CHAPTER FIVE 




Copper is an essential element to many organisms. It forms part of about 
thirty enzymes and glycoproteins, such as amine oxidase, catalase, ceruloplasmin, 
cytochrome oxidase, dopamine beta-hydroxylase, feroxidase, peroxidase 
superoxidase distmuntase, tyrosinase and uricase (Asseth and Norseth, 1986; 
Sorensen, 1991). Fish can4ake up metals either from the environment, or indirectly 
from the food it consumes. Direct uptake from water via the gills depends on the 
concentration of free copper ions. Bioaccumulation of copper by juvenile rainbow 
trout was previously studied by Dixon and Sprague (1980). The results illustrated the 
ideal response of an indicator to an environmental pollutant. Tissue concentration 
was related to environmental level and exposure duration. When contaminant levels 
were lowered the body burden was also reduced. 
Copper occurs in particulate, colloidal，dissolved, organic and inorganic 
chemical forms (Leckie and Davis, 1979). The chemical form of copper is critical to 
its behaviour in biological processes, its bioavailiability and its toxicity to aquatic 
organisms in sediments. Copper sulphate solution has been commonly used for 
prevention and control of ichthyophthiriasis ("ich") and other common parasitic fish 
diseases in fish farms (Ling et al., 1993). However, above a specific concentration， 
high concentrations of copper sulphate are toxic to fish including cultured species 
such as salmonids, cyprinids and catfish (Wurts et al,, 1994) and reported to depress 
their immune system, thus rendering more vulnerable to infection (Baker and Knittel, 
1983). Although copper accumulation is considered to be common in most aquatic 
organisms, the distribution of copper in marine fish have rarely been investigated. The 
aim of this study was to describe the uptake, distribution and elimination of dissolved 
96 
t*r-
copper (mainly Cu^ )^ in the sea bream Sparus sarba. The animals were exposed to 
copper for 35 days and then transferred to uncontaminated sea water for 35 days. 




5.2 MATERIALS AND METHODS 
5.2.1 Experimental animals 
Sparus sarba obtained from fish farm in Sham Wan Tsai were kept in well 
aerated sea water at 33 %o and were fed to satiation twice daily with fish meat. 
Animals used for experiments ranged from 50-65 g in wet body weight. The fish were 
acclimated in 500-L fiberglass tanks containing 33 %o seawater for at least 4 weeks 
prior to start of the experiment. Feeding was discontinued 24 hours before the fish 
were transferred into experimental tanks to initiate the experiments. During the 
acclimation and experimentation, water temperature was maintained at 26-28 °C, 
salinity at 33 %o and pH at 7.5-7.9. Oxygen concentration was kept at neat saturation 
by gentle aeration. Only fish which grew well during the acclimation period were 
used in the experiments. No antibiotic or other drugs were used. 
5.2.2 Uptake and Elimination of copper ion in Sparus sarba during continuous 
exposure to waterborne copper 
Twenty fish were transferred to each experimental tank (500 1) containing 400 
1 filtered seawater. The concentrations of Cu�+ studied were 75 and 375 [Lg\'\ 
Triplicates were used for each test concentration and control. The test water was 
renewed every five days, and water samples were collected for monitoring the 
concentrations ofCu^^ The fish were fed with fish meat. The fish were first exposed 
to Cu2+ for 35 days and then transferred into clean water for 35 days. Two fish were 
removed from each tank every 7 days for analysis of tissue metal concentration. 
Organs or tissues (muscle，skin, giUs, liver and intestine) were dissected from each 
fish. All tissue samples were dried to constant weight at 105 °C digested in a mixture 
98 
^ -
of HClO3 and HNO3 (l:3w/w). Copper was determined by a Varian A400atomic 
absorption spectroscopy with graphite furnace. The standard reference materials 
were Standard Reference Materials 1577b (Bovine Liver) from National Institute of 
Standards and Technology. Recoveries was 95.5±3.8 % and the level of detection 
was 0.05 哪-1 for copper. 
Difference among treatments were tested by one-way analysis of variance 
(ANVOA) using 'SigmaStat version 1.0, (Jandel Scientific, 1994). A significant level 
of p=0.05 was used. Copper concentration in tissues of copper-exposed fish at 




The concentrations of copper used in the tests were not lethal to Sparus 
sarba. The level of copper in the tissues of S. sarba exposed to waterbome copper at 
concentrations of < 6 ^igl] (control), 75 i^gl'^  and 375 [igY^  are shown in Figures 5.1 
-5.3 respectively. The patterns of uptake varied between tissues. Copper levels were 
higher in liver and intestine than in gills, skin and muscle. In general, increased copper 
content was found in different tissues and organs when the fish were exposed to 
copper sulphate for a longer period of time. The order of copper accumulation in 
organs was liver > intestine > gills > skin > muscle in control and 75 pgl'i. However, 
for higher copper exposure test (375 ^gl"^), the order of copper concentration in 
organs was intestine > liver > gills > skin > muscle. Exposure to control (<6 i^gl"^ ) 
resulted in low accumulation of copper in the muscle, skin and gill but concentration 
of copper in liver and intestine were relatively higher than other tissues. 
The concentration of copper in control fish was 0.89 ^gg'^ dry wt for muscle, 
1.23 A^gg-i dry wt for skin, 2.04 |igg_i dry wt for gills, 6.89 i^gg"^  dry wt for liver and 
6.02 |igg-i dry wt for intestine respectively at the end of the 70-d period. Maximum 
concentrations for the low copper and high copper exposure were 1.16 and 1.78 
Hgg-i dry wt for muscle, 1.69 and 1.85 yigg^ dry wt for skin, 3.95 and 4.37 ^gg^ dry 
wt for gills, 9.13 and 14.34 ^gg^ dry wt for liver and 7.09 and 21.7 i^gg'^  dry wt for 
intestine. 
Copper concentrations in tissues of control fish fluctuated within narrow 
range during the whole 70-d accumulation and depuration period. However, the 
copper accumulation patterns of tissue residue in low (75 ^gl'^) and high (375 i^gl'^ ) 
Copper exposed fish were significant different from that in control fish. The 
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concentrations ofcopper in the liver , intestine and gills of fish exposed to 375 i^gl'^  
were significant higher than the control level during the initial 7 days of exposure. 
After 7 days, the concentration of copper started to drop and fluctuate. Copper 
uptake appeared to reach a plateau after 14 days for gills and 28 days for liver. The 
Copper residue in muscle and skin elevated slightly in the initial stage and leveled off 
quickly. The same observations was found in fish exposed to 75 i^g.r^ Cu. Copper-
release patterns during depuration differed between low and high copper-exposed 
fish. Copper concentrations tended to remain at high levels. The concentrations in 
muscle, skin and gills started to drop after 14 days of depuration. Copper 
concentration in intestine decreased sharply after 7 days of depuration. Copper 
concentration in liver remained at a high residue level throughout the depuration 
period. After the end of depuration, copper concentrations in all tested tissues were 
still higher than those recorded in the start of the experiment. The livers accumulated 
significant more copper when compared to other tissues. 
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Fig. 5.1: Time profile Cu concentration (±SE) in tissues of Sparus sarba 





















































































































































































































































































































Fig. 5.2: Time profile Cu concentration (±SE) in tissues of Sparus sarha 
(n=6). Fish were exposed to 75 g^l"^  Cu from day 0 to day 35 and to 





































































































































































































































































































































































































Fig. 5.3: Time profile Cu concentration (±SE) in tissues of Sparus sarba 
(n=6).Fish were exposed to 375 i^gl"^  Cu from day 0 to day 35 and to 













































































































































































































































































































































































The order of copper accumulation in the organs of Sparus sarha was intestine 
> liver > gills > skin > muscle. In general, the uptake of metals in aquatic organisms 
can occur by two major routes. These involved gills, in case of dissolved forms, and 
digestive organs, in case of metals associated with ingested materials such as food or 
sediments (Leland and Kuwabara, 1985). 
The pattem of metal uptake varied between tissues (Figures 5.1-5.3). Copper 
concentrations in gills, liver and intestine changed sharply and reached a maximum 
between day 0 to day 7. The concentration changed only slightly at days 14 and 35, 
indicating copper was near to or at a steady state. The trend for copper to reach a 
steady-state has been observed previously by other authors. For example, juvenile 
rainbow trout exposed to 94-194 ^gl'^ Cu appeared to reach steady-state of whole-
body copper within 14-21 days (Dixon and Sprague, 1981a). Similarly, juvenile coho 
salmon exposed to 70 and 140 jigl"^  Cu appeared to reach steady-state of copper in 
the liver within 30-60 days (Buckley et al., 1982), and rainbow trout exposed to 4.6 
and 9.0 ^gl"^  Cu appeared to reach steady-state after 40-60 days (Lauren and 
McDonald, 1987b). The relatively shorter steady-state time observed in the present 
study suggests that there is a large amount of inter-species difference in copper 
accumulation in fish. Prior copper exposure enables fish to tolerate higher subsequent 
copper exposures, and this tolerance seems to be associated with elevated levels of 
copper in the fish body (Dixon and Sprague, 1981b). 
Concentration of copper in the gills，liver and intestine increased rapidly up to 
much higher levels than those in muscle and skin. The accumulation of extremely high 
levels of liver copper in Sparus sarba without significant deleterious effects 
demonstrates the protective role of liver, probably through the induction of 
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metallothionein (Heath, 1995). Exposure to waterbome copper resulted in a marked 
increase of copper in the intestinal wall, but intestinal copper did not exhibit any form 
of dose dependency in response to increasing dissolved copper concentration. Since 
marine fish drink seawater for their osmoregulation, the rapid increase of copper 
concentration in the liver may be attributable to its accumulation in the intestine. The 
concentration of copper in the liver continued to increase during the depuration 
period in copper-free seawater after the end of exposure. This suggests that copper 
was redistributed among tissues. Liver is one of the major organs for metal 
detoxification and storage. Normally, the liver of teleost actively processes and store 
copper loads, whereas other tissues do not. The metabolic step is involved mediation 
by mono-oxygenase or mixed-function oxygenases (MFO) which introduce functional 
groups into the substrates (Health, 1995). The major organ involved in metal 
metabolism in fish is the liver. Detoxification mechanisms can involve storage of 
copper at inactive sites within fish on a temporary or more permanent basis. 
Temporary storage is generally by binding of metals to protein (e.g. metallothionein), 
polysaacharides and amino acids in soft tissues or body fluids. The excess copper 
concentration from other tissues were transported to the liver via the circulation 
system. This could be explained the observation that the concentration of copper in 
muscle，skin and gills decreased while that in liver increased. The concentration in 
liver exhibited dose-dependent relationship with dissolved copper. This characteristic 
indicates that the liver is an appropriate bio-indicator of copper in fish. A further 
advantage is that the liver showed low rate of copper release when the fish were 
transferred to uncontaminated seawater. 
The mechanism of accumulation and storage of trace metals varies with 
chemical form of the metal, mode of uptake, and animal species (Luoma, 1983). 
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Concentrations of uncomplexed metal ions, such as Cu�+, appears to involve special 
transport associated with a carrier molecules in penetrating through the epithelial 
membranes. Such a mechanism is necessary for metal ions which lacks sufficient lipid 
solubility to move rapidly through cell membrane (Rand et a/.,1995). The rate of 
accumulation may depend on the number of carrier molecules on the epithelial lining 
of fish body. 
Results obtained in this study are similar to those reported by other 
investigators. For example. Rouleau et al. (1995) reported that when brown trouts 
were exposed to water containing O.l^gl'^ of ^^ Mn^ ^ for 1，3 or 6 weeks and allowed 
to depurate for 1 or 3 weeks, the order of Manganese concentration in tissues was 
liver > viscera without liver and kidney > gills > skin〉，fins, bone, and head 
excluding gills，brain, and eyes > kidney and epidermal mucus > brain >eyes > 
muscle. 
Concentration of copper in muscle, skin, gills, liver were similar to those in 
the fish culture sites which was reported in the previous experiment. But, the 
concentration of copper in intestine was different from those in Section 3.3.4. It is 
explained that the concentration of copper in the intestine is dose-dependent and 
show close relationship between the concentration of copper in the environment. In 
the initial exposure of 375 i^gl"^  Cu，there was a very significant rise in the 
concentration of copper in liver，gills and intestine，and then dropped sharply to lower 
copper residue levels after 7 days. The concentration of copper in the liver remained 
at a certain level higher than the initial concentration while that in gills retum to the 
initial concentration throughout the experimental period. The concentration of copper 
in the liver were significantly higher than that in control group. 
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Muscle is the most commonly consumed tissue in fish. In addition, muscles 
contribute most to the mass of the fish, Therefore, it is important that muscle 
accumulated only relatively low levels of copper. The residue level of copper in the 
muscle tissue is controlled by homeostatic mechanism, and elevated copper levels 
may be indicative of a breakdown of these control mechanisms, brought about by 





With rapid economic and population growth in the last few decades. Hong 
Kong now faces severe pollution of its coastal environment. The coastal waters are 
significantly contaminated by trace metals, mostly on local or sub-regional scale. 
Because of the technical difficulties and cost associated with accurate analysis of 
trace metals in receiving waters, many authors have used sediments or organisms to 
monitor these contamination in Hong Kong. In previous studies, trace metal 
contamination in Hong Kong waters have involved the analysis of invertebrates such 
as Perna viridis (Phillips, 1985; Chan, 1988; Phillips and Rainbow, 1988; Chu et cd., 
1989), Mytilus edulis (Phillips, 1984), Crassostrea gigas (Phillips et al., 1982b 
&1986) and Saccostrea cucullata (Chu et al., 1989). Fish have been used for 
biomonitors in determining trace metals contamination in other parts of the world. 
(Brown and Chow, 1977; Nabawi et al.’ 1987; Ashrafand Jaffar, 1988; Benemariya 
et aL, 1991; Scharenberg et al.’ 1994; Chan, 1995; Absil and Scheppingen., 1996; 
Collings etal., 1996; Hamza-Chaffai, 1996; Linde etal., 1996). Unfortunately, onlya 
few studies have been published on the effects of metal pollution on marine fish in 
Hong Kong. This study provides information on heavy metal concentrations in 
marine fish species which are common in local mariculture industry. Although 
bioaccumulation ofheavy metals in the tissues of marine animals has been extensively 
studied from a descriptive point of view, information on mechanisms causing their 
accumulation and distribution in marine fish remains limited. Results presented in this 
thesis demonstrate that Sparus sarba is an useful model for the study of 
accumulation, distribution and depuration of copper in the tissues. 
Cultured marine fish have characteristics which made them attractive as 
biomonitors of trace metal pollution. Marine fish can be found in a wide range of 
estuarine and marine habitats. They can act as primary, secondary and tertiary 
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consumers and can be placed in several trophic levels within aquatic food webs 
CNagel, 1991). Apart from the significance of fish as a direct food source for man, 
fish are also large enough for bioaccumulation to be examined at specific organs or 
tissue. The relationship between copper concentration and growth reductions 
recorded here offers the potential for the use of copper concentration as an indicator, 
in a regulatory context, of adverse effects in field-collected fish (Marr et a/.,1996). 
Several authors (e.g. McGeachy and Dixon, 1992; McCarty and Mackay, 1993; 
Shutes et al., 1993) have indicated that certain regulatory and environmental impact 
thresholds for protecting aquatic biota could be based on residues rather than 
exposure concentrations. This approach offers the potential advantages of integrating 
biological exposure conditions over time, exposure routes (e.g. water exposure vs. 
dietary exposure), and accumulation kinetics (Rand et al., 1995). 
The residue level of metals in the muscle tissue is controlled by homeostatic 
mechanisms, and elevated levels may be indicative of a breakdown of control 
mechanisms, brought about by excessive exposure to the contaminants. The skin is 
considered to be a storage site for metabolic waste products such as mucus and may 
be a suitable tissue for use as a heavy metal pollution indicator. On the other hand. 
Fish accumulate significant amounts of heavy metals in the liver and the heavy metal 
concentrations in liver show a good correlation with concentrations in water. It 
indicates that the fish liver is a good potential bio-indicator for heavy metal. 
Accumulation of heavy metal may have adverse effects on the growth of 
marine fish. Exposure to copper influences the basal metabolic rate of Sparus sarba 
and, in tum, restricts growth through decreased efficiency of energy utilization 
coupled with increased metabolic maintenance costs (Marr, 1996). Physiological 
changes permitting metal detoxification and homeostasis require energy (Hogstrand 
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et al., 1995; Marr et al., 1995) and reduced growth caused by exposure to copper 
has been attributed to metabolic demands associated with metal detoxification. If the 
heavy metal concentrations in fish culture sites are high, they will affect the growth of 
cultured fish which are kept in the floating cages. It extends growing time for the fish 
to reach market size. Finally, deterioration of water quality (e.g. pH, BOD, COD, 
suspended solids and heavy metals) may reduce the yield and efficiency of 
mariculture industry. 
One of the most significant findings was that copper concentration in gills， 
liver and intestine increased sharply during the initial period during exposure to both 
low and high concentration of copper. When there is a sudden increase in the level of 
a pollutant (e.g. accidental oil spillage from motor boat or illegal disposal of 
wastewater from nearby industry), enclosed cultured fish cannot escape from affected 
area. Thus, tissues residues in the fish may increase to a high level within a short 
period of time In some cases, the fish may need a relatively long time to eliminate the 
excess residues. For tissues such as liver, metal concentration will remain at the high 
residue level even after the fish has been transported to uncontaminated water for a 
long period of time. 
Results of a survey to monitor heavy metal concentrations in tissues of marine 
organisms cultured from fish culture site show that cultured fish exhibited lows levels 
of metal contamination. The mean concentration ofheavy metals in edible tissues (i.e. 
muscle) of cultured marine fish was within acceptable limits for human consumption, 
but consumption of green mussels and intemal organs of fish, such as the liver is not 
advisable. Continuous expansion of the city will push industries and residential 
population to remote areas which are currently unpolluted. As a result, the risks of 
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heavy metal contamination will increase. Pollution monitoring programmes using fish 
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